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E estimation of the acid base balance in diets is becoming pro- 
gressively more important in metabolic studies as well as in the treat- 
ment of disease. It is obvious that in the study of electrolyte metabolism 
there are several important factors—the intake, the absorption from the 
intestinal tract, and the effect of absorption upon the excretion both of 
recently ingested and of previously stored electrolytes. Thus it is impor- 
tant to determine quantitatively the effect of the ingestion of excess acids 
upon the excretion of bases such as calcium, which are stored in the body. 
A series of experiments in such problems was undertaken in the meta- 
bolic ward previously described by Bauer and Aub (1). The results of these 
observations on the electrolyte metabolism of man are reported elsewhere, 
but a discussion of the difficulties involved in the accurate dietetic manage- 
ment of these investigations is the purpose of this communication. In these 
observations the attempt was made to vary the potential acidity' or alka- 
linity of the diet without altering the total low calcium intake. The calcium 
and ammonia excretion then afforded an accurate method of determining 
the influence of varying procedures upon the excretion of fixed electrolytes 
stored in the body. 

In 1912 Sherman and Gettler (2) called attention to the importance of 
inorganic constituents of the diet as sources of the excess acid or base ex- 
creted, and as important factors influencing the amount of urinary am- 

* Aided financially in part by the Lead Fund of the Harvard School of Public Health. 


} Potential acidity may be briefly defined as the excess acid (referred to the hydrogen ion con- 
centration of the blood) of the inorganic residuum of the diet after oxidation. 


1 














CALCIUM, PHOSPHORUS METABOLISM Vol. IV, No.1 





monia. Tables of analyses for many foods have since appeared in Sher- 
man’s book from which the excess acid or base content of the common ar- 
ticles of the dietary may be estimated. 

Subsequently, Blatherwick (3) confirmed Sherman’s deductions, that, 
with the exception of certain fruits yielding organic acids, the alkalinity or 
acidity of the urine is normally determined by the inorganic constituents 
of the food. The relation between acid excretion and calcium excretion has 
been discussed by Aub (4) and associates (5). 

For the purpose of investigating accurately the excretion of inorganic 
electrolytes on diets of known composition, it is necessary to control the 
potential acidity of the food in order to arrive at sufficiently accurate 
standard levels of excretion. If the inorganic constituents of a diet are 
known quantitatively and if it be assumed that no considerable amount of 
organic acid escapes oxidation, it is possible to calculate approximately 
the potential acidity or alkalinity of a given dietary. The calculation of the 
potential acidity of a diet can be made if the inorganic base-forming 
elements, i.e. Ca, Mg, Na, and K, be summated in terms of N alkali and 
the inorganic acid-forming elements, i.e. Cl, S, P, be summated in terms 
of N acid.?. The difference between these two sums gives the potential 
acidity or alkalinity of the diet, barring the excretion of much organic acid. 
That this calculation cannot be made with great accuracy, even when food 
is accurately weighed, is apparent not only from consideration of possible 
natural daily variations in the composition of foodstuffs, but also from the 
difference in values to be found in the literature for individual foods. Most 
of the estimations of the inorganic constituents of the foodstuffs used have 
been based on tables compiled by Sherman (6). If the data and discussion 
which follow indicate discrepancies between estimated values and actual 
analyses of our diets, they should in no sense be interpreted as unfavorable 
criticism of Sherman’s very valuable work. These differences do not de- 
tract from the value of such compilations for use in routine dietetics. It 
is our purpose merely to examine the reliability of estimated potential 
acidity data for accurate metabolic experiments in the clinic. In some 
instances the earlier values published in 1911 by Sherman, and long used 
by dietitians, are given for comparison with his more recent estimates to 
emphasize the necessity of using up-to-date tables in dietary computations. 

The following estimate for meat, based on Sherman’s 1927 figures for 
meat protein (see Table I), gives an excess acid of 16.5 cc. N acid per 100 


* Sulfur is reckoned as divalent; and the valence of phosphorus considered to be approxi- 
mately 2. 
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grams. His 1911 figures, however, yield values for several different 
samples of meat, as follows: 13.91, 10.05, 12.00, and 13.67 cc. N (averag- 
ing 12.4 cc. N. acid). 



































TaBLe I 
PoTreNnTIAL Acipity OF MEAT 
Meat 

(21.3% protein) Ca Mg K Na P Cl S 
Total, gm. 012 .008 | 0.025 | 0.361 | 0.090 | 0.230 0.172] 0.081 | 0.244 
Total, cc. N .62 40 | 2.1 9.2 3.9 14.8 11.1 2.3 15.2 

Total cc. N acid 32.3 28.6 

Total cc. N base 15.8 15.6 


Total cc. N excess acid 16.5 13.0 
Note: Supplementary analyses from Massachusetts General Hospital of Ca & P are indicated 
by italics. Other values are taken from Sherman, 1927. 


Table II shows that the difference between Sherman’s estimate of excess 
base in apples in 1911 and 1927 is negligible. 


Taste II 
Appte, ACCORDING TO SHERMAN (per 100 grams) 
































Ca Mg K Na P Cl S 
Total, gm. .007 .010| .008 10.127 0.125).011 .0/5}.012 .073|.005 .004|.006 .005 
Total,cc.N |.4 5 7 3 32 1.5 7 1.8 H ia 1 |.4 a 
Total cc. N base 4.9 5.1 
Total cc. N acid 1.3 1.2 


Total cc. N excess base 3.6 3.9 
Note: Figures in italics according to Sherman, 1911. Other figures according to Sherman, 1927. 


In Table III, however, is given a similar estimate for banana calculated 
from Sherman’s 1927 figures. The 1911 estimate (in italics) was 5.8 cc. N 
base per 100 grams edible portion as compared with 8.5 in 1927. 

Analyses of several foods for calcium and phosphorus content have been 
made in this laboratory, some of which are compared (in Table IV)* with 
the corresponding values given by Sherman. Substitution of these values 
for Sherman’s will yield a different acid base value. 





2 A more complete table of analyses made in this laboratory appeared in the Journal of the 
American Dietetic Association, Vol. m1, No. 2, September, 1927. The phosphorus determinations 
are open to the objection that the samples were ashed in a furnace. Inasmuch as the results are 
frequently higher than Sherman’s figures, however, the objection would appear not to be con- 
sistently valid. 
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Taste ITI 
BANANA, ACCORDING TO SHERMAN 
(per 100 grams) 
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0.010 0.013 
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0.125 0.200 
5.6 


3.5 





0.031 0.024 
1.5 


2.0 





Na 
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0.034 0.015 
1.5 





0.401 0.415 
10.6 


10.3 





Mg 


0.028 0.024 
2.0 


2.3 
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Note: Figures in italics according to Sherman, 1911. Other figures according to Sherman, 1927. 


In Table V are given the acid base 
values for a few foodstuffs, calculated 
according to Sherman’s figures and 
again with values for Ca and P from 
this laboratory substituted for his 1927 
figures. An extreme example is found 
in chicken, which, according to Sherman 
(1911), contained, per 100 grams, excess 
acid amounting to 17.0 cc. N acid, but 
according to our analysis only 10.3 cc. 
N acid. Inasmuch as chicken may con- 
stitute an important part of a high acid 
or high protein diet, the discrepancy 
between these estimates is of consider- 
able importance. 

Another food for which it is rather 
difficult to evaluate the acid base con- 
tent is cooked bacon, due to the fact 
that in the process of cooking much fat 
separates from the food, leaving behind 
a high salt content relative to the per- 
centage weight. The difference in the 
potential acidity of bacon, before and 
after cooking, is illustrated by Table 
VI. The estimates for cooked bacon 
are based on analyses for Ca and P per- 
formed in the Massachusetts General 
Hospital. The NaCl content was de- 
termined by Miss Phoebe E. Drury at 
the Collis P. Huntington Memorial 
Hospital by Van Slyke’s method. The 
protein content was taken as 23 per cent 
(Sherman, 1927, cooked bacon). Other 
figures are fixed as twice those for the 
mineral content of raw bacon. 

The discrepancy in total electrolyte 
content is of course far greater than the 
difference between the values for po- 
tential acidity. Nevertheless, for equal 
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TasBie IV 
SHERMAN’s Ca AND P Ficures CoMPpARED witH M.G.H.* ANALYSES 
Calcium Phosphorus 
(per 100 grams of edible portion) 
Sherman M.G.H. Sherman M.G.H. 

alr 5 TEP dia .007 .010 .012 .018 
ee .009 .007 .031 .042 
SEE Spee .006 .005 .103 .061 
RE Ee .012 .008 .229 .172 
Ra RR 011 (1911) .018 .258 .162 
WIS ws c ocean cveks .006 .030 .108 .096 

















* Massachusetts General Hospital. 


TABLE V 
CoMPARISON OF AciD BASE VALUES CALCULATED From DirFERENT DATA 

















Ca and P from M.G.H. 
Sherman, 1911 Sherman, 1927 with Sherman, 1927 
Base Acid Base Acid Base Acid 
cc. N cc. N cc. N cc. N cc. N ce. N 
Ee -—- — _— 6.5 — 6.6 
Sa 3.8 _ 3.5 — 3.3 as 
sso scan 5.6 _ 8.3 — 7.5 — 
13.9 
10.1| Av. 
EP oe _ 12.0/ 12.8 _— 16.5 _ 13.0 
13.7 
Chicken........ a 17.0 — _ — 10.3 
(Sherman, 
1911) 























weights of protein, the calculated acidity for raw bacon would be 
nearly twice that for cooked. The problem is complicated not only by the 
difference in analytical values obtained from different sources for the same 
food, but also by the difference in salt content of various brands of bacon. 
Actually, the raw bacon obtained in the Massachusetts General Hospital 
showed on analysis 43 cc. of normal chloride solution per 100 grams. 

The difficulty could be simplified in large measure if patients would eat 
all the bacon fat eliminated during cooking. In practice, however, it is not 
easy to persuade patients to do this. Bacon, therefore, is probably best 
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g avoided even though it is an excellent 
St constituent for a high-protein, high- 
ae caloric, low-calcium diet. 
sn In Table VII is shown a neutral diet. 
This is more basic than originally in- 
ix. tended, for the original estimate based 
a. “s on Sherman’s 1911 figures with certain 
~ | & amplifications from this laboratory was 
S i. 0.1 cc. N acid. 
s The synthesis of a low calcium diet 
© = _ high in potential acidity is accomplished 
+ Fe : largely by feeding a maximum of pro- 
g “le § tein, together with cereal products (such 
8 se 8 as rice and bread); eliminating vege- 
5 3 tables (such as potato) or fruits which 
. mB. £ are potentially alkaline. That the 
oz i, precise excess acid value of such a diet 
Bs A 3. § is difficult to determine can be seen from 
bs : oa 2 the variation in estimated acidity for 
He & steak and chicken already commented 
é g $ j upon. 
g & = In Table VIII is shown the variation 
G ha 3 e ina very acid diet calculated from two 
‘ = £ sets of data. This diet constitutes as 
: va a acid a diet as could be arranged without 
2 - mean S recourse to foods (like cranberries) 
rs) Seles =|= © — yielding a high organic-acid excretion. 
S - ~“!  § ‘The variation is approximately 20.0 cc. 
& ei | ° 5 of N acid per day, which is almost al- 
“ 3 together due to the phosphate analyses. 
g ° It is interesting to note that our original 
a = estimate was 72.3 cc. N acid. 
5 3 . “ In Table IX another similar high acid 
oo 3 3 diet is given, formerly presumed to yield 
~ #5 68.9 cc. N excess acid on the basis of 
2 : $ g Sherman’s 1911 figures with our Ca and 
4 7 “ & Panalyses. Calculated from Sherman’s 
Bg] os °* t997 figures plus Massachusetts General 
E E 3 wiki 3 Hospital Ca and P this yielded 65.2 cc. 
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of N acid. Using Sherman’s 1927 figures alone the result would be 70.2 cc. 
N acid. 

Inasmuch as it was desirable for certain purposes to keep the calcium 
content of our diets at a minimal level of about 100 mg. of calcium per day, 
it was not found feasible to construct adequate diets more alkaline than 
40 cc. of N base per day without exceeding this limit. With a high calcium 
content it is not hard to exceed 150 cc. of N base daily on an adequate diet 
(with sufficient protein).‘ In our experiments, however, it was necessary to 
rely upon additions of sodium bicarbonate and sodium citrate to produce 
extreme alkalinity. 

The following table (X) illustrates the most alkaline mixed diet, ade- 
quate in protein but low in calcium, that we could devise for a patient. 
The excess base amounts to only 30 cc. N alkali. 


TABLE X 
Low Catctum Maximum Basic Dret 














Grams Acid Base Protein Calcium 
Daily cc. N cc. N Grams Grams 
BOTs 64060550 150 5.64 45 .015 
CORGROND. cccsin 60 4.68 5.88 .013 
re 30 2.52 6.9 .009 
re 500 31.70 9.5 -055 
ee ee 250 13.9 2.75 .017 
RR EE 100 12.8 21.3 .008 
20.0 51.2 46.8 -117 




















Total cc. N excess base—31.2 
DISCUSSION 

It is evident that an error of 10 cc. or more of N acid may commonly be 
encountered in calculating the potential acidity of a daily diet according to 
the data employed. The production of organic acids is another uncertain 
factor in computing an acid base balance. In view of the uncertainty, how- 
ever, which attends bowel activity (absorption, intestinal rate, excretion) 
and which is in large measure uncontrolled, such calculations afford an ade- 
quate basis at least for interpreting changes in excretion associated with 
quantitated variations from a constantly continued “control” diet. 

In any case, if the actual weighed dietary records be preserved, they may 
always be recalculated in the light of further analytical knowledge. 

* See Sansum, W. D., Blatherwick, N. R., and Smith, F. H., Journal of the American Medical 


Association, Lxxx1, 883, 1923. These authors present an alkaline diet qualitatively, but say 
nothing as to its total excess base content. 
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The difficulties of calculating exactly acid base balance can be simplified 
greatly if the diet consist of only a very few simple ingredients. This pro- 
cedure, however, is not practicable with patients over a long period of 
study. In this series of studies patients were given a simple mixed diet 
which was maintained uniform, as nearly as possible, in order to determine 
the effect of quantitative variations in simple foods. 

ANALYSIS OF SPECIMEN DIETS 

In view of the difficulties already described in calculating the potential 

acidity of diets, it seemed desirable to ascertain this value directly for 


comparison with the calculated values. It was at first intended that this 
should be done by combustion of a sample in a calorimetric bomb; but it 









































TasLe XI 
CoMPARISON BETWEEN ANALYSES AND EsTIMATED CONTENT OF Darty Dret 
Diet I Diet I Diet III Diet IV Diet V 
Neutral Neutral Acid Acid Basic 
Cale’d | Found | Calc’d | Found | Cale’d | Found | Calc’d | Found | Calc’d | Found 
ce. N | cc.N | cc.N | cc.N | cc.N | cc.N | cc.N | cc.N | cc.N] cco. N 
Phos- 
phorus | 49.0] 41.9] 57.2] 41.4] 82.0] 56.4] 69.0] 55.5} 47.1] 35.2 
Chlorine 70.2} 68.0} 72.0] 75.9 | 111.0 | 116.2 | 111.0 | 92.2 | 66.9] 63.4 
Sulfur 39.0} 27.9] 47.2] 46.7] 79.0] 71.6] 81.4] 53.8] 35.8] 34.5 
Total acid] 158.2 | 137.8 | 176.4 | 164.0 | 272.0 | 244.2 | 261.4 | 201.5 | 149.8 | 133.1 
Total base] 171.2 | 124.8 | 180.6 | 159.5 | 189.8 | 177.4 | 174.6 | 147.5 | 190.3 | 159.0 
Net acid- 
ity —13.0 |+13.0 | —4.2 | +4.5 |4+82.2 |+66.8 |+86.8 |+54.0 |—40.5 |—25.8 
Difference 26.0 8.7 15.4 32.8 14.7 























was pointed out to us by Doctors Francis G. Benedict and H. C. Sherman 
that the inconstant formation of nitric acid under such conditions would 
lead to gross inaccuracy until a suitable technique might be evolved. For 
the time being, therefore, it was necessary to be content with individual 
analyses of the total base and the acidic elements of one day’s diet which, 
summated, could be compared with the calculated values.' The results ob- 

5 The entire diet for one day was finely ground, mixed thoroughly, dried, and powdered. The 
analyses were made both on samples of powdered dry diet and on nitric acid extracts of diets. 
Fiske’s methods for total base, phosphate, and total sulfur were employed, and Van Slyke’s for 


chloride. We are indebted to Miss Dorothy M. Tibbetts and Miss Phoebe E. Drury for these 
results. 
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tained from five typical diets are recorded in Table XI in which the 
theoretical estimates were obtained from Sherman (1927) supplemented by 
our analysis of cooked bacon. 

It is apparent that the potential acidity as calculated is not very accur- 
ate and that deviations from neutrality were actually much less marked 
than anticipated. 

It has become progressively more obvious during these studies upon 
inorganic salts that variations should only be made very slowly as not in- 
frequently a week elapses before the patient has attained a steady state 
after a variation in diet. Many of the results in the literature are, there- 
fore, of little value because they represent only transitional states due to 
the brevity of observation. 

The complexity of metabolic processes occurring within the body, more- 
over, is such that marked changes in the diet may result in only moderate 
variation in excretion levels (7). 

The urinary response to such diet is indicated by a few instances in 
Table XII, from which it will be observed that the response to change in 
diet is significant only in a qualitative sense. The first of these patients had 
tetany (due to poor fat assimilation), and the last two were essentially 
normal. 














TABLE XII 
PorentTIAL Actpity oF Dret vs. Actprry or Datty Urine (Average) 
Estimated acidity | Titratable acidity Urinary Total acid 
of diet cc. N —CO, of urine ammonia excretion 
Cale’d Found cc. N cc. N cc. N 
DeBa. 
neutral —13.0 +13.0 -5.5 60.6 55.1 
Da. 
neutral —4.2 +4.5 16.7 24.1 40.8 
Da. 
high acid +82.2 +66.8 18.2 45.8 64.0 
An, 
neutral +1.0 —20.9 38.9 18.0 
An. 
high acid +86.8 +54.0 —19.5 104.9 85.4 

















There is obviously much to be desired in improvement of the calculation 
of potential acidity in diets. For careful metabolic work it is apparently 
imperative either to analyze each diet as fed, or to feed extremely simple 
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foodstuffs. It is at least essential to employ a constant basal diet to which 
potentially acidic or basic additions may be made. 


SUMMARY 


1. The calculation of the potential acidity or alkalinity of diets is dis- 
cussed. 

2. Results so estimated with the help of standard nutrition tables are 
compared with actual analyses and with the urinary acid excretion on feed- 
ing such diets. 
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SOME FACTORS AFFECTING ACCURACY IN THE 
COLLECTION OF DATA ON THE GROWTH IN 
WEIGHT OF SCHOOL CHILDREN* 


By 
Emma E. SUMNER AND JESSIE WHITACRE 


(From the Division of Rural Home Research, Texas Agricultural Experiment 
Station, College Station, Texas) 
Received for Publication—June 26, 1930 

STUDY on the growth in height and weight of Texas school children 

is being conducted by the Division of Rural Home Research of the 

Texas Agricultural Experiment Station in cooperation with the public 

schools of San Antonio. The elementary supervisors selected three schools 

to participate in this project. Each school provides a representative popu- 

lation of from 500 to 600 of one of three racial groups, white, Mexican, and 
negro. 

The object of the project is to determine whether Texas school children 
exhibit seasonal variations in their growth curves, and whether the three 
racial groups show characteristic or significant differences in their physical 
development. In order that the study may contribute to our more exact 
knowledge concerning physical growth processes, special attention has been 
given both in the preliminary plans and subsequent procedure, not only to 
employment of suitable equipment and good technique, but also to the col- 
lection of data under as nearly uniform conditions as possible. 

This study belongs to the individualized type, inasmuch as the growth 
of individual children is being followed over a period of time. Individual- 
ized studies stand in contrast to the older generalized type, in which a 
single measurement is taken on each member of a large group. Averages 
are then derived from these single measurements. 

The collection of data for this study has already been in progress through 
one and one-half school years. Some facts obtained well justify the provi- 
sion for a known weight of clothing to be worn while weight is being taken, 
weighing at approximately the same hour of day each month, and requir- 
ing each child to empty the urinary bladder immediately before weighing. 
These three procedures were adopted as routine at the beginning of this 
study. Their importance is emphasized by an analysis of the data pertain- 
ing to them. It seems logical to present these data in such manner as will 


* Published by permission of the Director of The Texas Agricultural Experiment Station. 
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call attention to the performance of children as individuals. Averages that 
could be derived from the figures seem of less interest than the relation be- 
tween actual monthly changes in nude body weight of individuals and each 
of the three factors to be considered in this report. 

Clothing weights compared with body weight changes. Continental scales 
of platform type, calibrated in ounces, are used. Uniformity of clothing 
worn at the times of weighing is insured by the use of garments of known 
weight. This garment weight is checked from time to time. Thus the nude 
body weight of each child is obtained. Indoor clothing exclusive of shoes, 
wraps, pocket contents, jewelry, beads, and girls’ heavy belts has been 
weighed at five different monthly weighing periods. Three seasons are 
represented: the fall weights were taken in October; the two winter, in 
January and February; and the two spring, in March and April. 

With the assumption that a group of 100 children would constitute a fair 
sample, a comparison has been made between the clothing weights and the 
monthly weight changes of 99 white children, 51 boys and 48 girls. These 
children were in the fourth and fifth grades, and for the most part were 10 
and 11 years old. 

Four-fifths or more of the maximum monthly body weight changes for 
both boys and girls occurred in either a winter or a spring month, with an 
approximately even division between the two seasons. With two excep- 
tions, the maximum changes were gains. More than four-fifths of the 
minimum body weight changes for both sexes also occurred in either a 
winter or a spring month. For the boys nearly twice as many minimum 
changes came in a spring month as in the winter; for the girls about one- 
third more, in the spring. Among the minimum changes the gains and 
losses are about equally divided, and with few exceptions are 4 oz. or less. 

Maximum clothing weights ranging from 21 to 40 oz. for boys and from 
9 to 31 oz. for girls, fell in the winter months in four-fifths or more of the 
cases. Roughly three-fifths of the minimum clothing weights varying be- 
tween 15 and 30 oz. for boys came in the spring; nearly two-fifths in the 
fall. For the girls the minimum clothing weights, varying from 6 to 13 oz., 
were equally divided between spring and fall. Fewer than 10 minimum 
clothing weights for either sex were found in a winter month. 

With the drop from maximum to minimum clothing weight in the 
spring, which occurred three times out of five among 51 boys and half the 
time for 48 girls, any gain in body weight would seem to be less than it 
really is, had the child been weighed in his indoor clothing. If the body 
weight change is a loss, then the loss is augmented by the drop from maxi- 
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mum to minimum clothing weight. On the other hand, a change from 
minimum to maximum clothing weight might conceal the fact that the 
child has actually lost weight, or else materially minimize the loss. The 
case of G. R. in Table I illustrates this possibility. His maximum clothing 














TABLE I 
CLoTHinc WEIGHTS COMPARED WITH MONTHLY CHANGES IN Nupe Bopy WEIGcET 
Monthly changes in body weight Clothing weight Clothing 
weight differ- 
shes ence equals or 
. Changes greater than . . exceeds 
Max. Min. clothing wt. difference* Max. | Min. | Diff. monthly wt. 
changes 
Ib-oz. oz. oz. oz. oz. oz. Times 
N.C. +1-15 —1 29, 31 29 17 12 8 out of 10 
H.R. +3-7 +1 18 35 20 15 6 out of 9 
H. J. +3-6 2 20 32 22 10 4 out of 6 
D.A. +2-1 +1 17 31 18 13 7 out of 10 
W.R. +1-10 a 17, 20 31 16 15 7 out of 10 
F.G. +3-13 -1 23 39 22 17 7 out of 10 
H.H. +2-13 +1 11,17 24 17 7 6 out of 10 
¢> +2-3 —2 12, 14,17 31 22 9 6 out of 10 
H.C. +2-10 +1 15, 17,19 34 21 13 6 out of 10 
P. Jj. +44 +2 12, 12, 15 36 27 9 5 out of 10 
T.O. —1-10 +3 12, 14, 18, 21 28 18 10 5 out of 10 
Lz +2-12 +1 18, 19, 20 30 15 15 5 out of 10 
G.C. +1-15 +3 16 26 19 7 4 out of 10 
C. E. +3-1 +4 12, 15, 18 38 28 10 4 out of 10 
F. J. +2-10 -8 12, 13, 16 31 20 11 4 out of 10 
E.R. +3-1 +0 14, 15, 17, 20 34 23 11 4 out of 10 
E. F. +3-12 —6 17 29 20 9 3 out of 8 
B.R. +24 +4 20, 21, 21 35 17 18 3 out of 8 
W. B. +3-12 -1 18, 22 28 17 11 3 out of 10 
S.R. +1-3 +0 11, 19, 19 31 22 9 3 out of 6 
N.N. +24 +1 14, 15 30 22 8 2 out of 6 
4 +1-1 +2 17 35 29 6 2 out of 3 
McM. J. +1-1 —1 17 33 23 10 2 out of 3 
G.R. —1-3 +5 19 27 17 10 2 out of 3 
D.G. +0-14 +5 i4 33 20 13 2 out of 3 
B. W. +1-15 —5 31 40 25 15 2 out of 3 























* Those which were 3 or more times the difference are omitted. 


weight is 27 oz.; minimum clothing weight, 17 oz.; loss in body weight from 
preceeding month, 19 oz. Had his body weight been increased by the 10 
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oz. difference in clothing weights he would appear to have lost but 9 oz. 
rather than 1 lb. 3 oz. 

The extreme variations in clothing weights are of a distinctly higher 
order than the minimum nude body weight changes for most of the 99 
children. By comparing each child’s difference between maximum and 
minimum clothing weight with all his recorded monthly body weight 
changes, it was found that for approximately half the children, the differ- 
ence between maximum and minimum clothing weights equalled or ex- 
ceeded his monthly body weight changes, 30 per cent or more of the time. 
On the basis of this finding, the data for 26 of the 51 boys and 20 of the 48 
girls are regarded as significant. These data are recorded in Tables I and 
II. Eighteen of the 26 boys or 69 per cent, and 8 of the 20 girls or 40 per cent, 


Taste II 
CLoTHING WEIGHTS COMPARED WITH MONTHLY CHANGES IN NuDE Bopy WEIGHT 

















Monthly changes in body weight Clothing weight Clothing 
weight differ- 
Girls ence equals or 
. Changes greater than i , exceeds 
Max. Min. clothing wt. difference* Max. | Min. | Diff. monthly wt. 
changes 
Ib.-oz. oz. oz. oz. oz. oz. Times 
W.M. +244 +0 12, 18 17 7 10 6 out of 9 
W.B. +1-2 +1 7 11 8 3 6 out of 10 
G. A. +2-8 +4 24, 26, 32, 40 31 11 20 6 out of 10 
S. F. +2-10 +0 10, 17 18 9 9 5 out of 10 
S. M. +2-9 +0 11, 12, 16 16 6 10 5 out of 10 
CB. +1-3 +1 15, 15, 19, 19 18 8 10 5 out of 10 
N.L. +2-7 +3 14, 15 15 8 7 4 out of 10 
p= 5 +24 +4 10, 15 15 7 8 4 out of 10 
W.D. +3-11 +0 13 16 7 9 4 out of 10 
M. W. +3-10 +1 22 21 7 14 4 out of 10 
S.L. +2-6 -1 16, 18, 20 20 6 14 3 out of 8 
J.R. +3-3 +11 16, 20, 21 23 8 15 3 out of 8 
B. M. +30 ~-1 14, 17, 20 17 8 9 3 out of 10 
B.K. +2-15 +4 28 20 8 12 3 out of 10 
T.S. +5-5 +1 19, 23, 26 23 7 16 3 out of 10 
Y. D. +2-10 —6 13 14 8 6 1 out of 3 
S. P. +2-7 —2 0 14 6 8 1 out of 3 
R.M. +3-2 —2 0 17 8 9 2 out of 6 
W.B. +1-2 +4 13,17 18 8 10 2 out of 4 
E. M. +1-0 -1 16 20 5 15 3 out of 4 























ose changes which were 3 or more times the difference are omitted. 
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exhibit still greater significance, since one-half or more of the total number 
of nude body changes recorded for each child are equalled or exceeded by 
his clothing weight difference. 

Even the values of the monthly body weight changes which fall outside 
the limits of the definition of significance here used, point further to the 
necessity of always weighing with a known amount of clothing those chil- 
dren whose growth is being followed month by month. Among the 26 boys 
there are 53 monthly weight changes which exceed clothing weight differ- 
ences, but these monthly body weight changes for any child are never so 
much as three times his clothing weight difference. In 44 of the 53 in- 
stances the monthly body weight changes exceed the clothing weight differ- 
ence by amounts varying from 1 or 2 oz. up to twice the clothing weight 
difference. The situation is similar for the girls. Eighteen girls have 40 
monthly body weight changes which in each individual case are greater 
than the clothing weight difference for that girl. Out of the total 40, 35 
changes exceed the clothing weight difference by 1 or 2 oz. up to twice the 
clothing weight difference. 

This interpretation of the above data for 46 of 99 children indicates 
that the truth about monthly body weight changes cannot be known if the 
child is weighed in his varying amounts of indoor clothing. 

Time-of-day weight differences compared with body weight changes. The 
normal fluctuation in body weight from hour to hour on any day for any 
individual, although recognized, is not often taken into account when 
changes in weight are being followed. The authors of this report, by weigh- 
ing themselves at hourly intervals, each found extreme variations of 2-1/2 
to 3 lbs. per day. Dr. T. Wingate Todd! notes that his “own weight with 
all precautions taken varies 5 lbs. in a day, and those of my children, 3 
Ibs.” 

In this project the weighing time is kept as nearly constant as possible. 
Within each half day, the variation of weighing time in successive months 
is seldom as much as two hours, more commonly less than one hour. Thus 
the time relationship of weighing hour to food intake and regularly occur- 
ring defecation is more uniformly maintained. Monthly weight changes 
are derived by subtracting the weights of two consecutive months taken at 
approximately the same hour of day, and with the usual attention to other 
factors affecting accuracy. Such weight changes are designated as actual in 
this report. The data for 22 children who by mistake were weighed in the 
morning instead of the afternoon, and the weighing repeated in the after- 


1 Personal communication. 
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noon of the same day, have been studied with respect to the bearing this 
time-of-day factor has upon accuracy in following the child’s monthly 
change in weight. Sixteen of the children were white boys from 7 to 8 years 
old, the other 6, adolescent negro girls. For each of these children an 
apparent monthly weight change is the difference between his weight taken 
at a time other than his usual hour,and his weight at the usual hour in the 
preceding month, other conditions being the same. 

Among 11 of the 22 children the difference between apparent and actual 
change was insignificant, one difference being 3 oz.; five, 2 oz.; three, 1oz.; 
and two, 0. The data in detail for the other half of the children whose ap- 
parent body weight change differs from the actual by 4 oz. or more are in- 
cluded in Table III. 


Taste III 


Trwe-or-Day Weicut DirreRENcES COMPARED WITH MONTHLY CHANGES 
tin Nope Bopy WEIcHT 












































Body weight Monthly changes in body weight | Difference 
between 
: Change in wt. Jan.—Feb. Actual changes | apparentand 
White greater than the jactual change 
Boys Jan. Max. | Min. |difference* betweenjequals or ex- 
Actual | APP@!-| pis. apparent and jceedsmonthly 
= actual change | wt. changes 
Ib.—oz. | Ib.-oz. | Ib.-oz. | Ib.-oz.| Ib.-oz.} oz. oz. Times 
E.G. | 46-4 | +3-3 | +2-5/| —0-14 +3-3/; -1 16, 18, 24 6 out of 10 
S. J. 47-12 | +1-4| +0-9 | —0-11/ +1-6| -1 18, 19, 20, 22 6 out of 10 
R.A. 74-14 | +2-14) +2-2 | —0-12) +2-14, +5 19 1 out of 3 
S.J. 47-3 | +0-3 | +0-10}) +0-7 | +1-7| +2 8, 11, 13, 15 4 out of 10 
T.W. | 45-13 | +1-9 | +1-5 | —04/ +1-9| +3 5, 6, 7, 7, 11, 11 1 out of 10 
|» A 59-5 | +1-12} +1-6 | —0-6 | +1-12) +5 9, 10, 12 1 out of 10 
Negro 
Girls 
H.C. {102-3 | +1-4 | +2-13) +1-9/ +1-5| -—3 0 10 out of 10 
G.S. {121-8 | —1-0 | +1-14) +2-14] +2-10) +6 0 8 out of 10 
R.V. | 88-11 | +3-4| +4-11) +1-7| +34] +6 0 5 out of 6 
R.V. | 91-12 | +0-8 | +3-9 | +3-1 | +3-2| +2 0 9 out of 10 
M.P. {100-8 | +0-14] +40 / +3-2 | +42] +2 52, 57 7 out of 10 











* Those changes which were 3 or more times the difference are not shown, 


The number of times the difference between apparent and actual change 
on the day of double weighing,equalled or exceeded the observed monthly 
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changes for each child is high, except for two boys. For one of these boys 
(T. W.) the body weight changes which were greater than the differences 
between apparent and actual change, range from 5 to 11 oz. in six changes 
out of ten; for the boy (P. P.) three of ten changes have values of 9 to12 
oz. Since for these two children the differences between apparent and 
actual change are 4 and 6 oz. respectively, all of their monthly weight 
changes considered together would seem sufficient reason for retaining 
them in the significant group. The actual nude body weight changes for the 
boys range from plus 3 oz. to plus 3 Ibs. 3 oz., and are greater than the ap- 
parent change in each case by differences of 4 to 140z. The total number of 
monthly body weight changes which are equalled or exceeded by the differ- 
ence between apparent and actual body weight change, expressed in per- 
centage, are respectively 10, 10, 30, 40, 60, and 60.: 

The apparent changes credit each of the negro girls with a gain, whereas 
one girl actually lost 1 Ib., the others gained from 8 oz. to 3 Ibs. 4 oz. The 
errors for the monthly weight changes range from plus 1 Ib. 7 oz. to plus 3 
Ib. 2 oz. Here, the total number of monthly body weight changes which are 
equalled or exceeded by the difference between apparent and actual body 
weight change, expressed in percentage, are respectively 70, 80, 83, 90, and 
100. 

These data on this small group of children add to the evidence that 
monthly weighing should be done at some fixed hour in the day. 

Urine weight compared with body weight changes. The failure of a few 
children to comply with the routine requirement to empty the urinary 
bladder immediately before weighing, necessitated reweighing them. This 
necessity suggested that amounts of urine commonly eliminated at one 
voiding be determined. Accordingly, 38 boys and 20 girls were weighed 
just before and again directly after voiding. This determination of urine 
weight was made immediately before each child’s body weight was taken 
in April of 1930. The urine eliminated by half of the children weighed 3 oz. 
or less. Table IV contains the data for the other half of the group, 19 boys 
and 10 girls, who voided 4 oz. or more of urine, and for whom the urine 
weight has been compared with monthly nude body weight changes. 

There is no significant difference as between the sex groups in the weight 
of urine passed by the individuals; the maximum figure for the boys is 16 
oz., for the girls 13 oz. Neither is there a significant difference in absolute 
amounts of urine eliminated at one voiding by children and adults. In 11 
determinations for three adult women, three weights were 8, 11, and 13 oz. 
respectively; eight weights fell upon 3, 4, 5, 6, and 7 oz. A consideration of 
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the data in Table IV suggests that a factor which may influence the body 
weight by an amount of 4 oz. or more must not be disregarded. Minimum 




















TasBie IV 
Ure Wercuts ComPARED wITH MonTHLY CHANGES IN NuDE Bopy WEIGHT 
Body wt. Monthly changes in body wt. Urine wt. 
Wt. of equals or 
Boys Change in| urine Body wt. changes exceeds 
March |wt., Mar.-| voided | Max. Min. | greater than urine monthly 
April wt.* changes in 
body wt. 
Ib.-oz. Ib.-oz. oz. Ib.-oz. oz. oz. Times 
S. H. 49-5 —0-3 7 +1-14 2 5 out of 6 
A.M. | 113-1 —04 16 +42 +2 27 4 out of 7 
S. L. 59-10 +1-7 4 +1-7 +2 6, 8 5 out of 10 
Cc. W. 48-3 +0-3 8 +2-2 +3 10, 14 5 out of 10 
B.L. 51-6 +1-12 8 +1-12| -—2 10, 19 4 out of 8 
McC. J.| 70-11 +1-5 4 +2-3 +0 5, 8,8 3 out of 8 
P.G. 47-15 —0-10 6 +1-0 +4 8, 9, 10, 12 3 out of 8 
P. Cc. 66-1 +0-9 7 +3-2 +4 9,14 3 out of 8 
P.N. 73-15 +1-3 5 +2-1 +0 8, 13, 14 4 out of 10 
B. W. 91-15 +1-3 10 +24 +3 14, 18, 19 3 out of 10 
A.B. 80-0 +3-11 7 +3-11 | +3 13, 14 2 out of 10 
N.C. 60-11 +1-12 4 +3-3 —4 6, 7,9, 10 1 out of 10 
R. J. 82-9 +0-9 4 +3-6 —4 6, 8 1 out of 10 
Ww. L. abs. 4 +41 -—3 8, 11 1 out of 8 
S. J. 76-15 +0-3 6 +3-2 +3 8 2 out of 7 
R.G. 80-11 +0-10 5 +1-12| +9 9,9, 10, 11, 14 0 out of 8 
G. C. 57-12 —0-5 9 —1-7 +10 | 10,11,11,15,15 | Ooutof7 
E. H. 38-0 +1-9 4 +1-9 —4 0 1 out of 2 
W. H. 63-11 +0-14 13 14 0 out of 1 
Girls 
B. V. 48-10 —0-3 13 +1-2 +3 14, 18 8 out of 10 
H. M. 65-3 +0-0 10 +1-6 +0 11 3 out of 5 
N. A. 75-14 +0-6 9 +43 ~4 0 4 out of 6 
S. F. 78-0 +0-5 9 +2-10} +0 10, 17 5 out of 10 
N.L. 60-4 +0-3 7 +2-7 +3 14, 15 4 out of 10 
ec 46-15 +1-5 + +1-5 +0 5, 8, 11 3 out of 7 
T.R. 62-6 +1-5 5 +1-8 —4 6, 8, 13 2 out of 10 
N. G. 50-5 +0-9 4 +1-11|} +9 9,11 1 out of 5 
H. A. 90-13 —0-2 4 +4-0 —2 0 1 out of 5 
CF. abs. 5 —-24 +8 8 0 out of 4 


























* Those changes which were 3 or more times urine weight are omitted. 
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monthly nude body weight changes are frequently 4 oz. or less, and changes 
of 5, 6, and 7 oz. are not uncommon. For 11 of the 19 boys and 6 of the 10 
girls the urine weight equalled or exceeded the monthly body weight 
changes in one-third or more of the total number of monthly changes re- 
corded. For six boys, and four girls, the narrower limit of one-half or more 
of the total number of monthly body weight changes being equalled or ex- 
ceeded by urine weight, holds true. Each of twenty-five children shares in a 
distribution of 60 monthly nude body weight changes greater than his 
urine weight. In 48 of these 60 instances, the monthly body weight changes 
exceed the urine weight by amounts varying from 1 or 2 oz. up to twice 
the urine weight. Only in 9 of the 60 instances do the monthly body weight 
changes approach three times the urine weight. 

With respect to changes calculated from the April weighing, several in- 
dividual cases are of particular interest. W. H., who had only two con- 
secutive monthly weights, with 13 oz. of urine, practically equalled his 14 
oz. gain. A. M. who eliminated 16 oz. of urine which exceeded his monthly 
weight change four times out of seven had two losses of 4 oz. each, one 
gain of 2 oz. and another of 8 oz. A. M. is one of six children whose April 
weight record showed a failure to gain. The actual changes of April from 
March body weight for these six children were respectively +0, —3, —3, 
—4, —5, —100z. Had the urine not been eliminated the apparent changes 
arranged in corresponding order would have been +10, +4, +10, +12, 
+4, —40z. Obviously, emptying the urinary bladder is an imperative 
procedure not to be neglected if the facts regarding monthly body weight 
changes are to be ascertained. 


SUMMARY 


In following the weight of school children from month to month the data 
here presented show that accuracy cannot be attained unless, along with 
attention to the many other influencing factors, the child is weighed, 1.—in 
a known weight of clothing, 2.- at approximately the same hour of day each 
month, and 3.— with his urinary bladder empty. 
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FACTORS WHICH DETERMINE RENAL WEIGHT* 
IX. ENDOGENOUS PROTEIN METABOLISM 
By 
Eaton M. MacKay AnpD J. R. CocKRILL 


(From the Department of Medicine, Stanford University 
Medical School, San Francisco) 


Received for Publication—June 30, 1930 


CONSTANT relationship between the weight of the kidneys and the 

protein intake has been demonstrated (MacKay, MacKay and 
Addis, 1928a; MacKay and MacKay, 1930) in male albino rats. This 
relationship is of such a nature (MacKay, MacKay and Addis, 1928a, 
b) that an animal receiving no protein should theoretically have about 150 
milligrams! of renal tissue per 100 square centimeters of body surface. An 
experiment has been carried out to test this possibility. Ten groups of male 
rats of varying age were weighed and then placed upon a diet similar to 
that which they had been receiving except that it was practically devoid of 
protein. After varying periods of time, depending upon their age—the 
older they were the longer the interval—these animals were killed and their 
kidneys weighed and other measurements made in the manner which has 
been described (MacKay and MacKay, 1927a). Partly because the rats 
disliked the diet and the caloric intake was not entirely sufficient, and 
partly because their body weight cannot be maintained on a protein-free 
diet, these animals lost weight during the period of observation. For this 
reason the body weight used for the calculation of the body surface’ as a 
basis for comparison of the actual kidney weight with the theoretical figure 
was that of the commencement of feeding. The kidney weight is partly de- 
pendent on the amount of protein which a rat eats. Here we want to know 


* This work was made possible by the Edward N. Gibbs Prize Fund of the New York Academy 
of Medicine. 

1 This figure and kidney weights given elsewhere refer to the average of the two kidneys. The 
organism actually has twice this amount of renal tissue. 

* The use of what we term “body surface” (11.3 (B.W)**) in this and other papers of this 
series as a reference standard need not be considered as having a biological significance. The 
constant relation of kidney weight to the “body surface” (MacKay and MacKay, 1927b) may 
only be a necessary geometrical relationship, but as such it serves a useful purpose. We suspect 
however that the relationship may be due to the possibility, that our“ body surface’’ expression is, 
under normal conditions, probably a fair measure of the maintenance metabolism of the organism 
as a whole, and that the maintenance metabolism of the renal tissue probably contributes a con- 
stant percentage of this total and is dependent on the anatomical mass of kidney. 
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Taste I 












Mgms. renal 





Age Body Body Kidney | weight per | Per cent de- 
Group (days) weight surface weight | 100 sq. cm. | Viation from 
(grams) (sq. cm.) (mgms.) | body surface theory 















i 42 83 208 288 139 —7 
70 188 234 125 —17 
62 171 242 142 —5 
66 177 237 134 —11 
63 171 218 128 —15 





171 242 142 —5 












2 58 118 263 394° 150 0 
104 242 366 151 +1 

101 238 322 135 —il 

116 260 387 149 —1 

90 220 318 145 —3 





236 315 134 —il 












3 80 185 356 500 141 —5 
195 370 582 157 +5 
230 409 666 163 +9 
170 337 S44 161 +7 
170 337 545 161 +7 





+5 





























+6 

206 383 612 160 +6 

190 363 600 165 +10 

178 348 517 148 -1 

184 355 565 159 +5 

190 363 592 163 +9 

5 122 250 434 600 138 —8 
274 461 668 145 —3 

242 426 654 153 +2 

234 416 572 137 —-9 

6 122 236 419 466 111 —26 
188 360 452 125 —17 

238 421 622 148 —1 

198 373 600 160 +6 

174 354 568 160 +6 

161 325 530 163 +9 

7 184 326 520 906 174 +16 
304 496 728 147 —2 

330 524 804 153 +2 

+5 









































May, 1931 E. M. MACKAY AND J. R. COCKRILL 27 





TABLE I (continued) 








Mgms. renal 
Body Body Kidney | weight per | Per cent de- 
Group (days) weight surface weight | 100sq.cm. | Viation from 
(grams) (sq. cm.) (mgms.) | body surface} theory 
8 184 244 428 595 139 —7 
280 469 759 161 +7 
250 437 637 146 —2 
260 446 660 148 —1 
310 503 790 157 +5 
9 274 360 556 856 154 +3 
320 513 762 148 -1 
274 461 659 143 —5 
310 503 753 150 0 
10 274 358 553 880 159 +6 
346 541 871 161 +7 
358 553 853 154 +3 
350 543 773- 142 —5 























* In place of using the gross body weight for computing this figure an allowance of 5 per cent 
has been made for intestinal contents so that the “body surface” obtained will be comparable 
with that on which the theoretical kidney weight is based. The “‘body surface” is the expression 
(body weight) #< 11.3. In this case the initial body weight was used. 


how much kidney weight this rat would have when the factor of protein 
consumption is removed. This factor is removed and after a time, during 
which the effect of ingested protein may have a chance to disappear, the 
kidney weight is compared with that which the rat theoretically would 
have had at the body surface based on its initial body weight with a zero 
protein intake. The kidney weight actually found at death must, therefore, 
be referred to the same body surface for the purpose of comparison. That 
the arbitrary periods which were chosen for the kidneys to recede in weight, 
and for their weight to come into equilibrium with the zero protein intake 
were satisfactory, is suggested by the results. 

In Table I are presented the individual observations and their relation 
to the theoretical figure. According to theory there should be 150 milli- 
grams of renal tissue per 100 square centimeters of body surface if an equi- 
librium has been established between the weight of the kidneys and the pro- 
tein intake which in this case is zero. The agreement of the figures actually 
found with this theoretical figure is very good, particularly when the nature 
of the data is considered. The greatest deviation of any one age group is 
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minus 10 per cent and the average deviation of the entire group of 51 rats 
from 150 milligrams of renal tissue per 100 square centimeters of body sur- 
face is 6.0 per cent. The average of the difference between negative and 
positive deviations is less than 1 per cent. The average kidney weight in 
relation to body surface for the whole ten groups is 149.6 as compared 
with the theoretical 150. The variability of the series, of which the former 
is an average, is 11.3 per cent which compares very favorably with the 7.0 
per cent variability of the relation of renal weight to body surface in male 
rats of various ages (MacKay and MacKay, 1927b). 

The consistent relation which has been demonstrated between the 
kidney weight and the exogenous protein catabolism as measured by the 
protein intake (MacKay and MacKay, 1931) led us to examine what rela- 
tion existed between renal weight and the endogenous protein catabolism 
under conditions such that the effect of ingested protein was not a factor. 
Such conditions are those under which the experiment described above 
was carried out. These rats had been on a diet which is described elsewhere 
(MacKay and MacKay, 1927b) as the experimental male diet and which 
contains 18.0 per cent protein. When the observations reported here were 
commenced, a diet containing the ingredients listed in Table III was given. 
It is similar to their original diet except that it contains 2 per cent of 
Harris vitamin B concentrate in place of 9 per cent of yeast, the remaining 


Taste III 
EXPERIMENTAL DIET 
PER CENT 
Ss i 6 05s eS RA A es 68 
Bd scscsiassd a tats ened dai etd dnd< «interes 15 
EE EE Oe ELT I eR Ten ee ee 9 
Salt mixture (Osborne and Mendel)....................... 4 
Yeast extract (Harris Vitamine B concentrated)............. 2 
pF ERER SS ESST TT ee Per. Veet eee re 2 


7 per cent, along with the casein, being replaced with cornstarch. It con- 
tained exactly 0.1 per cent nitrogen, which could not be certainly identified 
as of protein origin and in any case this small amount may be disregarded 
for the present purpose. The animals were kept in a special urine collection 
cage very similar to that described by Levine and Smith (1925), except 
that the collecting portion was entirely of glass. Twenty-four hour group 
urine collections were made upon all of the ten groups from the time the 
special diet was commenced until they were killed. At the end of each col- 
lection period their bladders were emptied by means of moderate down- 
ward pressure over the abdomen while several whiffs of ether were given 
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(Addis, MacKay and MacKay, 1926). The urine was collected in 10 cc. of 
5 per cent sulfuric acid and the cage bottom and collecting funnel washed 
down at the end of each period. Total nitrogen was determined on the 24- 
hour specimens by the usual Kjeldahl method. 

The nitrogen excretion of each group fell quickly to a minimum which 
then fluctuated slightly. It seems reasonable to assume that this final 
minimum nitrogen excretion should be a fair measure of the endogenous 
protein metabolism. In Table IV are given the group averages. The nitro- 
gen figure is an average of the excretion per rat per day of the last 2 days in 


TasBie IV 
Group AVERAGES 











Kidney | Minimum N 
Group| No. | Age at | No. days} Body Liver Heart weight excretion 
No. | rats | death | ondiet | weight | weight | weight | (aver.) |(mgms.perrat 
(days) (gms.) | (gms.) | (mgms.) | (mgms.) | per 24 hrs.) 

1 6 42 7 53 2.31 239 240 16 
2 6 58 8 83 3.37 370 350 15 
3 6 80 10 157 5.38 557 566 27 
4 6 80 10 167 5.81 581 576 29 
5 4 122 12 218 7.14 774 620 43 
6 6 122 12 169 5.37 590 539 31 
7 4 184 14 257 7.77 840 829 52 
8 5 184 14 227 6.79 824 688 38 
9 4 274 14 286 8.57 766 750 50 
10 4 274 14 271 7.18 847 843 55 





























groups 1 and 2, the last 3 days in 3 and 4, and the last 4 days of observation 
in all of the other groups. In Figure 1 these mean figures have been plotted 
against the mean kidney weight of each group. There is a very definite 
relation, almost linear, between the two. We believe that this relation is 
not due to any effect of the endogenous protein metabolism on renal weight 
but to the relation of both of these figures to the same factor, probably 
the maintenance metabolism of the organism. 

In the experiment which has just been described, the endogenous pro- 
tein metabolism and the renal weight were varied by the size of the 
animal which would likewise vary the maintenance metabolism and in 
similar degree. There is considerable evidence that the endogenous pro- 
tein metabolism is determined under ordinary conditions by the mainten- 
ance metabolism. This suggests that the endogenous protein metabolism: 
renal weight relationship may be causal in nature. Evidence that this is not 
the case is presented here. Four groups of male rats 170 days of age were 
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given the protein-free diet we have described for 4 days. During the next 
10 days, two groups continued to receive this food and one in addition 
daily intraperitoneal injections of thyroxin while the other two groups were 
given only water. After 6 more days the fourth group received neither food 
nor water. The nitrogen excretion of all but the first group increased. At 
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TABLE V 
Group AVERAGES 
: , , Terminal N. 
Body weight Kidney weight entetinn 
No. : Initial 
Initial | Death | surface | Actual | Persq. | Perrat | dem. per 
(gm.) | (gm.) | (sq-cm.)| (mgm.) | dem. | perday | day 
(mgm.) | (mgm.) | (mgm.) 
Protein-free 
diet...... 5 269 227 457 688 150 38 8 
Starvation 4 273 170 461 603 131 83 18 
Dehydration} 4 278 155 465 582 125 160 34 
Thyroxin.. . 5 253 152 437 906 208 61 14 
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the end of 14 days they were killed and the kidneys weighed. The results 
comprise Table V. Excluding the group which was given thyroxin, the rats 
with the higher nitrogen excretion did not have larger kidneys. In other 
words, when the endogenous protein metabolism was increased over that of 
a protein-free diet by starvation or dehydration, circumstances which 
would not tend to change the maintenance metabolism or at least not in- 
crease it, there was no corresponding increase in the size of the kidneys. 
Now, on the other hand, when the endogenous protein metabolism was 
increased in a manner which would also increase the maintenance metabo- 
lism of the organism, that is, by the injection of thyroxin, the weight of 
the kidneys approximately kept pace with the increased nitrogen excretion. 


SUMMARY 


The kidney weights of male albino rats which have been receiving a diet 
devoid of protein coincide very closely with the theoretical values which 
might be expected from the relationship which has been demonstrated be- 
tween renal weight and the protein intake. The kidney weights of rats re- 
ceiving a diet containing no protein are almost directly proportional to 
their endogenous protein metabolism as measured by the urinary nitrogen 
excretion. Evidence is presented which suggests that this is not a causal 
relationship but due to their relation to the same factor, perhaps the main- 
tenance metabolism of the organism. 
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UMEROUS observers (R. G. Hoskins, 1910; E. R. Hoskins, 1916; 

Hering, 1917, 1919; Hewitt, 1920; Cameron and Carmicheal, 1920) 
have noted the remarkable enlargement of the kidneys which follows thy- 
roid feeding in rats and other animals. An enormous increase in the intake 
of food (Schater, 1912) and hence protein is a natural accompaniment of 
thyroid administration and a high protein intake of itself is known (Mac- 
Kay, MacKay and Addis, 1928) to lead to a marked increase in renal 
weight. The experiment described here was performed to determine 
whether the increase in renal weight which results from the ingestion of 
desiccated thyroid is due to the increased protein intake or to some more 
fundamental effect of the thyroid principle. 

Experiments were carried out with diets containing 0.4, 0.8 and 1.2 per 
cent desiccated thyroid. The experiment with the 0.4 per cent thyroid 
diet was alone successful. In the other two all of the animals died of thy- 
roid intoxication before the end of the experiment. In the one successful 
experiment forty male albino rats exactly 26 days of age were divided into 
two groups of 20 each. The care of each group was identical. The experi- 
mental details and the diet (experimental male) which they received have 
been described elsewhere (MacKay and MacKay, 1927a). Except for the 
presence of thyroid in one, the diets of the two groups were the same. The 
thyroid diet was prepared by intimately mixing 0.4 grams of Armour’s 
powdered desiccated thyroid with 99.6 grams of control food. Having been 
placed upon the special diets when 26 days old the rats were weighed daily 
and their food intake determined until they were 70 days of age when they 
were killed and various anatomical measurements made. 

In Figure 1 have been charted the growth curves of the two groups in 
terms of the mean daily body weight and food intake in relation to the cal- 
culated body surface during the period of experiment. Although eating 


* This investigation was made possible by the Edward N. Gibbs Prize Fund of the New York 
Academy of Medicine. 
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far more than the controls, the thyroid group did not increase in weight 
nearly so rapidly. 
The mean results of the anatomical measurements made at death are 


BODY WEIGHT. 
Groms. 
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FOOD INTAKE. 
Calories Per 100 SgCm Body Surfoce Per Day. 
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Taste I 
Group AVERAGES 














Control group Thyroid group 
dc obi dada CHORE RA 20 20 
OE ey 196 190 
Body weight (cor.),gm................... 186 138 
Ps dccccctsceveacecees 370 302 
Ress F'5 ORE 8.25 9.48 
an ne weld ss <b Fee ven cod 631 1019 
Kidney weight,* mgm..................:. 701 888 
Liver weight: Body surface................ 2.23 3.12 
Heart weight: Body surface............ iS, 171 338 
Kidney weight*: Body surface............. 189 295 








* Average of the two kidneys. 
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given in Table I. They show that thyroid feeding resulted not only in an 
increase in the weight of the kidneys but also of the liver and heart, an ob- 
servation which has been frequently recorded before. In Figure 2 the in- 
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FicureE 2. 


dividual figures for renal weight are presented graphically. In Table II 
the observed kidney weights of the two groups are compared with their 
protein intakes and with the calculated weight of renal tissue for these pro- 


Taste II 
Group AVERAGE 














*Intake—grams per 100 sq. cm. Milligrams kidney per 100 sq. cm. 
body surface per day body surface 
Food Protein Observed Calculated 
Control group 2.69 0.484 189 180 
Thyroid group 4.93 0.887 295 198 

















Ex_* Average of 10-day period before death. 
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tein intakes, derived by means of a formula which has been shown (Mac- 
Kay, MacKay and Addis, 1928) to express the relationship between pro- 
tein intake and renal weight in albino rats of the age and sex and receiving 
a diet of the nature of that used here. It is obvious that the size of the kid- 
neys of the thyroid rats cannot be explained solely on the basis of their in- 
creased protein intake. Some additional effect of thyroid feeding must con- 
tribute to the renal enlargement. The possibility that the increase in the 
maintenance metabolism of the organism may be responsible for the hy- 
pertrophied kidneys at once comes to mind. There are a number of facts 
which suggest that the maintenance metabolism is an important endoge- 
nous factor in determining the size of the kidneys. In normal rats of vari- 
ous ages the renal weight has been found (MacKay and MacKay, 1927b, c) 
to be directly proportional to the body surface and the latter is directly 
proportional to the maintenance metabolism of the organism (Lee and 
Clark, 1929). Then there is the present instance in which the maintenance 
metabolism is almost certainly greatly increased and so is the renal weight. 
In contrast to this circumstance are the experiments of Hammett (1927) 
in which he removed the thyroid gland from young albino rats. From 
what we know of the results of this procedure in other animals and man, it 
would seem safe to assume that the maintenance energy demand of these 
rats was definitely reduced. He found that in relation to the size of the 
organism as a whole a marked decrease in the weight of the kidneys re- 
sulted. It is true that the protein intake of these thyroidless rats would 
probably be reduced and this of itself might decrease the size of their kid- 
neys. However, recalculating Hammett’s figures for his group operated 
when 30 days old and killed 120 days later for comparison with our data 
the controls have 191 mgms. and the thyroidectomized group 132 mgms. 
of kidney tissue per 100 sq. cm. body surface. The latter figure is consider- 
ably below that which rats receiving no protein should have theoretically 
(MacKay, MacKay and Addis, 1928) or are actually found to have (150 
mgms.) by experiment (MacKay and Cockrill, 1931). It is planned to ex- 
amine the relation of renal weight to the maintenance metabolism by 
direct experiment at some future time. 


SUMMARY 
The administration of a diet containing 0.4 per cent desiccated thyroid 
to male albino rats from 26 to 70 days of age was followed by a marked in- 


1 Actually both the parathyroids and thyroids were removed for technical reasons but as 
Hammet (1926) has pointed out, the response may be interpreted in terms of thyroid deficiency 
alone. 
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crease in the weight of the kidneys. This increase in renal weight was 
greater than could be accounted for by the increase in protein intake in- 
cident to the increased food consumption which followed the administra- 
tion of thyroid. This result is contrasted with the decrease in the weight 
of the kidneys which results from removal of the thyroid gland. It is sug- 
gested that the influence of the thyroid on kidney weight may be through 
its effect upon the maintenance metabolism of the organism. 
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N THE course of investigations on the total mineral and water ex- 
changes in epileptic children on various regimens, it was observed that 
the insensible loss of body weight varied to a considerable degree with dif- 
ferent levels of water intake and with diets which were isocaloric but of 
different composition. The insensible weight loss consists almost entirely 
of water vapor and carbon dioxide and for purposes of practical considera- 
tion is equal to the combined output of these substances minus the weight 
of oxygen simultaneously absorbed. As shown by the calculations of John- 
ston and Newburg (1), water vapor may constitute 82 per cent of the total 
insensible loss when the respiratory quotient is 1.00, 104 per cent when it 
is 0.707, and 92.8 per cent when it is 0.82. Reference to the literature re- 
veals the fact that several investigators have observed a decrease in the 
cutaneous insensible water loss following restriction of the water intake. 
Dennig (2) gives a small number of data from one experiment on an 
adult, which indicate that the total insensible perspiration is reduced dur- 
ing a period of thirst. His results are inconclusive, however, because his 
few figures are very variable. Such factors as muscular activity, room tem- 
perature and relative humidity are not considered, and the balance used 
for determining body weight was accurate to 100 grams only. Moog and 
Nauch (3), using the chamber method of Schwenkenbacher (4) for directly 
measuring the water evaporated from the skin of the trunk and limbs over 
short periods of time (7 hours), found in five adult subjects that the insen- 
sible water loss from the skin averaged from 7.0 to 40 per cent more when 
3000 cc. instead of 1000 cc. of water were drunk. Schliiter (5), using the 
same method, found that when the fluid intake of two adults was reduced 
to a low level, the water eliminated through the skin fell from 22.7 to 18.7, 
* Read at the annual meeting of the Eastern Society for Pediatric Research at Baltimore, 
May 3, 1930. 


t This investigation was aided by grants from an anonymous donor and from the research 
fund of the Rockefeller, Foundation. 
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and 18.3 to 15.3 grams per hour respectively. Marfan and Darlencourt (6) 
observed that infants with dehydration from diarrhea gave off increased 
proportions of water by way of the lungs. On first thought, this might in- 
dicate the possibility that the diminution in insensible water loss from the 
skin, as observed by Schliiter, is compensatory to an increase in the amount 
lost by way of the respiratory pathway during dehydration. There is no 
evidence, however, of a significant increase in the minute respiratory ex- 
change in the type of dehydration resulting from simple water restriction; 
whereas, this is the usual effect of the acidosis accompanying dehydration 
from diarrhea. Erismann (7), whose technique was poorly controlled, re- 
ported finding an increase in the amount of water evaporated from the 
skin when the water intake was greatly increased. Peiper (8) found that 
the insensible cutaneous water was not increased by drinking large amounts 
of cold water. Laschtschenko (9), who measured the total insensible water 
output (skin and lungs) after increased water drinking, obtained results 
similar to those of Peiper. 

Special interest in problems pertaining to changes in the insensible 
“perspiration” or insensible “loss” has been aroused recently by the ob- 
servation that, under certain conditions, there is a close correlation be- 
tween the energy metabolism and the net loss in body weight over a given 
period of time. In 1917 Soderstrom and DuBois (10), using a respiration 
calorimeter, found, in a fairly varied series of adult human subjects, that 
approximately 24 per cent of the heat produced in the body was lost by 
vaporization of water from the skin and lungs, when the environmental 
temperature ranged between 22 and 24° C. and the relative humidity be- 
tween 15 and 40 per cent. Benedict and Root (11), using a highly sensi- 
tive Sauter balance (sensitive to 0.1 gm.) for determining changes in body 
weight over short periods of time and so-called “silk scales” (sensitive to 
10 grams) for longer periods, demonstrated a definite relationship between 
the insensible loss and the energy metabolism in adult diabetic and hyper- 
thyroid patients as well as in normal subjects. They supply a table by 
means of which the 24-hour metabolism may be approximately predicted 
from the hourly insensible loss measured under standard conditions. 
Levine and Wilson (12) have made an extensive and well-controlled study 
of the relationship between basal insensible loss and energy metabolism in 
infants and children with results comparable to those of Benedict and Root 
in adults. Johnston and Newburg (1) have extended the method to deter- 
mine the total heat elimination over longer periods, during which various 
diets may be used and a limited amount of muscular activity indulged in. 
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The combined results of these authors have definitely established the prac- 
tical utility of predicting the metabolism from measurements of the in- 
sensible loss. The only standard requirements stated so far are those hav- 
ing reference to the relative humidity and temperature of the environment 
for the avoidance of sensible sweating or chilling of the skin surfaces. 
Because of the increasing importance of measurements of the insen- 
sible perspiration, and because of the indefiniteness regarding its status in 
different states of hydration, we have determined its value under a con- 
siderable variety of conditions in conjunction with other studies on the 
water metabolism in children. The results presented in the present paper 
are representative of a larger number of data all pointing to similar con- 


clusions. 
PLAN OF STUDY 


The environmental and metabolic conditions, except for the changes in- 
duced in the state of hydration, were maintained as nearly constant as 
possible throughout each experiment. 

The subjects, four epileptic girls ranging in age from 11 to 16 years and 
one boy aged 9 years, were kept in bed under sufficient bed covers to pre- 
vent chilling or sensible sweating, so far as possible. The barometric pres- 
sure, temperature, and relative humidity in the metabolism room were re- 
corded hourly. The environmental temperature ranged between 22° C and 
25° C throughout almost the entire period of observation, only occasion- 
ally rising high enough to induce slight moistness in the axilla. 

The experimental day was divided into four 6-hour periods, beginning 
at 6:00 a.m. The method used for estimating the total metabolism was 
that outlined by Johnston and Newburg (1). At the beginning of each 
period, the patient’s bladder was completely emptied, the weight was then 
determined on a special scale, sensitive to 5 grams and weighing to 70 kilo- 
grams, after which a standard meal of known weight and composition was 
given. The four meals of the day were identical in every respect and were 
accurately prepared in an adjoining kitchen from simple substances such as 
whole milk powder,' calcium caseinate,*? sucrose, eggs, heavy cream, and 
distilled water. No sodium chloride was added, excepting in one experi- 
ment. At the end of the period the patient again voided and was weighed. 
The difference between the body weight at the beginning of the period plus 
the weight of the ingesta and the body weight at the end of the period plus 
the weight of the excreta, gave the total insensible loss for the period. This 

1 Klim. 

* Casec. 
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value, divided by the number of hours making up the period, gave the in- 
sensible loss per hour, from which energy metabolism was predicted by ref- 
erence to the tables of Benedict and Root. 

Since control periods were run for each diet under normal conditions of 
hydration, changes in insensible loss due to differences in the respiratory 
quotient need not be taken into consideration. The diets for each experi- 
ment were isocaloric throughout the period of study and were calculated 
to furnish sufficient energy to maintain body weight under ordinary con- 
ditions. 

Water balances of the body were calculated according to the method 
suggested by Newburgh and Johnston (13). “Total water available” 
(intake) includes drinking water, preformed water of the food, water from 
oxidation of the metabolic mixture and nonoxidation water freed by the 
catabolism of body tissues. The “total water lost’’ (output) includes water 
of the urine, water of the feces, water lost insensibly by way of the skin 
and respiratory tract and the water stored with any fat protein or carbo- 
hydrate deposited in the body. 

In the course of our water balance studies varying degrees of dehydra- 
tion have been produced in the different subjects by means of rigid water 
restriction, diuresis, catharsis, low-carbohydrate diets, or variation in the 
mineral content of the diet. In some instances a combination of two or 
more of these procedures has been employed. Superhydration has been in- 
duced by forced water drinking and frequently repeated administrations 
of the antidiuretic principle of the hypophysis (pitressin). 


RESULTS OF EXPERIMENTS 


For the sake of brevity, results of the experiments are presented in a 
series of graphical charts and one table, which are practically self-explana- 
tory. 

The data in Chart 1 show that a significant decrease in the insensible 
perspiration follows the development of dehydration. The extent of the 
latter is indicated by the large daily water deficit and by a precipitous fall 
in body weight during the second half of the experiment. The control 
period is not entirely satisfactory because of slight sweating on the second 
and third experimental days. Any error, however, which might result 
from this during dehydration would naturally be in the direction opposite 
to that upon which our conclusion is dependent. It is interesting that the 
skin became extremely dry during the period of dehydration in spite of the 
fact that the mean room temperature rose on the sixth day to a point one 
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degree higher than that at which sensible perspiration had occurred in the 
control period. It is apparent from the results for the first four days that 
the non-ketogenic, borderline, high-protein diet had only a feeble dehy- 


DAYS} 1;/2;3;4]5 T 9 
Nor-Ketogenic Borderline 
High Protein Diet 
Protein 128 Fat 3s ii 


GOO 


200 
ce) 


Cuart 1.—Effect of marked dehydration from restriction of water intake on the insensible 
perspiration. ‘Predicted normal insensible loss” was estimated from the table of Benedict and 
Root according to the subject’s calculated heat production. E. M., age 11 years. wt. 36 kg. 


drating effect in the case of this particular patient so long as the total water 
intake was not restricted. 
An examination of the data shown on Chart 2 reveals several interest- 
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ing points. The dehydrating effect of the ketogenic type of diet is clearly 
demonstrated by the results for the first nine days on which the diet was 
given. In spite of a fairly liberal water allowance, a sufficient degree of 
dehydration was produced to cause a fairly marked decrease in the insen- 
sible perspiration. In contrast to this, the substitution of an isocaloric, 
high-carbohydrate diet with the same total water content, was followed 
by rehydration of the tissues and a gradual increase in the insensible pers- 
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Cuart 2.—Comparison of the effect of different types of diet and of different levels of water 
intake on the water balance and the insensible loss of body weight. W. J., age 14 years. wt. 49 kg. 


piration. The marked dehydration which followed the use of a high-pro- 
tein, non-ketogenic diet and stringent water restriction was likewise ac- 
companied by a progressive decrease in the insensible perspiration. It is 
worthy of note that the absolute decrease was not so great as that observed 
during the subsequent ketogenic diet period, in which the degree of dehy- 
dration was perhaps no more intense. One possible explanation for this 
difference may be found in the greater specific dynamic action of the high 
protein diet. An increase in the total energy metabolism due to this factor 
would be expected to manifest itself in this way. 
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The relationship of the insensible perspiration to the state of hydration 
of the body is again shown in Chart 3. The data presented indicate that 
there is a rough parallelism between the degree of dehydration and the 
magnitude of decrease in insensible loss. 

The effect of rehydration is also shown in the first and last periods of the 
experiment. The point of unusual interest in the first period is that relat- 
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Cuart 3.—Influence of different types of diet, of different levels of water intake and of diuresis 
on the water exchange and the insensible loss. J. R., age 16 years. wt. 48 kg. 


ing to the time required for the insensible perspiration to return to its 
original value after completion of rehydration, as indicated by recovery of 
body weight. A satisfactory explanation for the observed delay when extra 
water alone was given is not apparent. It may indicate that the skin and 
subcutaneous tissues are rehydrated more slowly than the remainder of 
the body under these conditions in which the total sodium content of the 
ingesta was low. When rehydration was effected on the 30th day of the 





"BY Sp 24 “SIBVeA OT OBE 
‘wf “poreduiod sjusuleinsveur ulstjoqezouI Dj3ouUI0SeZ ulo1y pozIpeid sv pue poinsvou Ajyenjzoe se uoreidsied a[qisuesuy “‘uoNeIpAYyep ul pus 
SUOT}IPUOD [eULIOU JopUN poyjJeUr sso] V[qQIsUaSUT 94} Aq puUe Al[eoLJoMIOSeS pouTUTIZ}ep sv UOTNpod yeoy JO; SanTeA jo uos~edWOD—'y TIaV], 





7 zre Z1Z 8°17—- 80S 6£9 poze csl7— 06° £h os x4 
Ayrreg 





aa O'T?— SIs ss9 peyeyy L807 — eS th TS 
Ayste J 





8f— Lv 00s 199 poy £71 — 
Arey 





os 0£9 569 4311S 





£69 ayesapoyy 





poyeyy 
999 Apatey 





we — ZL9 +43T1S ¥S 





ee + or9 suON 99 





21330320 y 
zre 997 76 — 08s 6£9 aeIIPOW el “ON 
ouTispi0g 





‘o=- Le 97 £0 - LS9 6s9 ou0N OL 





onus JOSSL, SSO] “SUT 
bites pom sousI9IG 
93v}U2010g —s sta 293%} U9019 —s 

papa] df |parorparg 


(208811) a yua0 304 
Pad tT = Pd Aypramy 
8a] sANVPY 
(‘SIq ZT) poured 103 “sIq (Z1) poued 103 ava 
uonedsisg a[qisuasuy SIOTeD [OL 


~ 
S 
~ 
~ 
S 
w 
my 
i) 
i 
<a} 
= 
Ry, 
>) 
~ 
7a) 
~) 
— 
R) 
~~ 
&Q 
_ 
~ 
= 
R) 
~ 
= 
~~ 
= 
© 
— 
Ww 
= 
Re 
Q 
bs 
se) 





















































May,1931 MANCHESTER, HUSTED AND MCQUARRIE 47 











experiment by the simultaneous administration of water and the anti- 
diuretic hormone of the pituitary gland (pitressin) at regular intervals, 
recovery of the insensible perspiration from an extremely low level to an 
approximately normal one was very prompt. No conclusions can be drawn 
from a single observation of this kind, but it suggests a new angle of ap- 
proach to the problem regarding extra renal regulation of water metabo- 
lism. 

An extreme degree of dehydration was produced between the 25th and 
29th days by the combined effects of a ketogenic diet, moderately strin- 
gent water restriction and administration in large doses of the diuretic sub- 
stance, urea. On the third day, when 90 grams of urea were given, the insen- 
sible loss fell to 265 grams in 24 hours or 11 grams per hour, a level 60 per cent 
below the predicted normal value. In spite of the fact that on this day only 
9.5 per cent of the body heat, instead of the usual 24 per cent, was dis- 
sipated through the invisible vaporization of water, there was no rise in 
body temperature. It is probable, however, that the degree of dehydration 
which results in a rise of body temperature is not far beyond this point. 

The next experiment to be described was designed to ascertain whether 
the decrease noted in the insensible perspiration was due to dehydration 
per se or to a lowered energy metabolsim. Gasometric measurements of 
the metabolic rate were made at 2-hour intervals for 12 hours, beginning 
at 7:00 a.m. The total heat production for the period as determined by 
this method was compared with that predicted from the simultaneously 
measured insensible loss. As shown in Table I, the close agreement of 
values obtained under conditions of normal hydration, was entirely lacking 
during periods of dehydration. It is evident that dehydration of the grades 
observed in this experiment has no significant influence on energy metabo- 
lism and that decrease in insensible loss is relatively independent of the 
metabolic rate under such circumstances. The factor of respiratory quo- 
tient need not enter into the discussion here because the effect of water re- 
striction was to reduce the insensible loss no matter what type of diet was 
given. 

The effect of superhydration on the total insensible loss is shown by the 
data presented in Chart 4. In the experiment represented, the patient, a 
9 year old boy, was given a basic diet of low-mineral content throughout 
the entire period, consisting of 200 grams of 40 per cent cream, 240 grams 
of cane sugar and 3600 grams of distilled water. This was divided into 4 
equal parts, one fourth of each ingredient being given during the first three 
hours of each 6-hour period. Over certain periods, indicated on the chart 
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by brackets, pitressin, the antidiuretic principle from the hypophysis cere- 
bri, or sodium chloride was administered separately or simultaneously. 

Unfortunately, the insensible loss was not determined with the patient 
on a normal water intake. However, comparison of the values obtained for 
12-hour periods on the regimen of high water intake with that estimated 
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Cuart 4.—Effect of “superhydration,” as produced by forced water drinking and pituitary 
antidiureis, on insensible perspiration. Diet low in protein and minerals. Effect of added NaCl. 
N. F., age 9 years, wt. 26 kg. 


from the table of Benedict and Root, for the same subject, shows that there 
was a marked increase throughout the period of study except for three of 
the days during which sodium chloride was being given without pitressin. 
With the administration of pitressin at three hour intervals, the insensible 
loss rose to a high peak, but again fell off on withdrawal of the extract. 
When 16 grams per day of sodium chloride were given, the insensible loss 
fell to normal on the second day, while the body weight showed an increase. 
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Upon resumption of the pitressin administration during the NaCl period, 
the body weight ascended to its highest point and the insensible loss was 
elevated though not to so high a level as previously. With discontinuence 
of the pitressin the insensible loss again returned to normal. Omission of 
the salt was again followed by a great increase in the insensible loss. Ad- 
ministration of pitressin accentuated this increase. 


DISCUSSION 


The foregoing experimental data furnish proof of a definite relationship 
between the state of hydration of the body and insensible water loss. De- 
hydration, whether produced by a ketogenic diet alone, by restriction of 
water intake on a variety of diets, or by marked diuresis, resulted in a 
significant decrease in the insensible perspiration amounting in one in- 
stance to as much as 60 per cent. That the insensible loss, and not the 
total energy metabolism, varies under the conditions of our experiments 
is clearly shown. Although the CO, output was determined in but one case, 
it is practically certain that the changes in insensible loss under these con- 
ditions are due solely to changes in water output. Dehydration fever 
probably does not occur until the percentage of body heat dissipated by 
evaporation falls below 10 per cent under the conditions of our experiments. 
Increase in the insensible loss was consistently found to occur when large 
amounts of distilled water were given with a cream and sugar diet. This 
was still further accentuated when the antidiuretic extract (pitressin) of 
the hypophysis cerebri was administered in addition. Although the body 
weight increased when sodium chloride was given at the same time with 
the water, the insensible loss tended to return to the normal level. This re- 
sult suggests that the amount of water lost insensibly depends to a certain 
extent upon the way in which it is held in the body. Further investigations 
should be made in this particular field. 

In addition to their bearing upon the general subject of the water ex- 
changes in the body, the results presented here have some practical im- 
portance. They demonstrate the necessity for having the tissues in a nor- 
mal state of hydration (“saturated”), when the insensible-loss method is 
used for estimating the total energy metabolism. It is apparent also that, 
in addition to this requirement, extreme differences in type of diet and in 
mineral intake should be given consideration in the interpretation of re- 
sults. 

Certain of our epileptic subjects taking water ad libitum have been ob- 
served to develop fairly marked negative water balances and slightly nega- 
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tive sodium chloride balances on the ketogenic diets used in their treat- 
ment, while others, responding less well therapeutically, have not shown 
these effects. The insensible loss was diminished in the former cases. The 
reason for these differences in reaction to the diet is not clearly understood. 
Further investigation may show the necessity of regulating the mineral 
content of the diet, when metabolism determinations are to be made on 
persons following these unusual regimens. Under ordinary conditions, 
however, this precaution appears to be unnecessary, uniformly good re- 
sults being obtained when the other requirements mentioned have been 
satisfied. 

Slight alterations in the state of hydration probably do not add signifi- 
cantly to the errors inherent in the method of estimating metabolism from 
insensible loss. With a given set of conditions for any particular subject, 
however, the correspondence between the total insensible water loss and 
the state of hydration appears to be sufficiently uniform to suggest the use 
of net changes in body weight as an approximate measure of changes in 
state of hydration. 


SUMMARY AND CONCLUSIONS 


The total insensible loss of body weight or “‘ perspiratio insensibilis” has 
been measured under standard conditons in five children ranging in age 
from 9 to 16 years. Variations, due to difference in diets, to restriction or 
forcing of water intake, to marked diuresis and to antidiuresis, have been 
determined. 

In a normal (“‘saturated’’) state of hydration, there is a close parallelism 
between the insensible loss and the energy metabolsim under ordinary con- 
ditions. For practical clinical purposes, this method of estimating the 
energy metabolism, as proposed by Benedict and Root and amplified by 
Levine and Wilson and by Johnston and Newburg, offers many advantages 
over the ordinary gasometric methods. 

Fairly marked dehydration from any cause interferes with the usefulness 
of the method, because the total insensible water loss is diminished to levels 
far below those indicated in the standard tables. Superhydration, due to 
excessive water drinking and to administeration of the antidiuretic prin- 
ciple from the hypophysis cerebri (pituitrin or pitressin), likewise inter- 
feres because in this state the values for the insensible loss may be far 
above those predicted from the tables. The type of diet and the mineral 
content of the ingesta apparently influence the insensible loss also and 
should be considered in the interpretation of results, when the regimen is 
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undergoing sudden changes or is extreme in any respect. Further investi- 
gation on this particular phase of the subject is urgently needed. 

Degrees of dehydration, such as those reached in the present study, are 
not followed by significant alterations in the metabolic rate.** 
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TTEMPTS to utilize cow’s whole milk as the sole diet of animals have 
failed because of its inability to support growth and well-being. 
Young rats, for instance, when kept on such a diet develop a severe anemia 
in the course of a few weeks (1, 2). However, the addition of small amounts 
of the salts of iron and copper effectively prevents or cures such an anemia 
(3,4). These findings have led us to study further the ability of cow’s 
whole milk, when supplemented with copper and with both iron and cop- 
per, to support long continued growth and reproduction in rats. A study 
of both growth and reproduction is of course a much more exacting test of 
nutritive completeness and might reveal further deficiencies, if such existed. 


EXPERIMENTS WITH MILK AND COPPER 


In our first experiments, young rats were fed whole milk supplemented 
with copper alone. This was done to determine just how serious, from a 
nutritional standpoint, is the deficiency of iron. Three groups were taken 
at weaning and placed in cages with screen bottoms and fed milk supple- 
mented with three different levels of copper, as copper sulfate. Group I, 
consisting of two males and four females, received 0.1 mg. Cu per 100 cc. 
of milk; Group II, consisting of 6 females, received 0.5 mg. Cu per 100 cc. of 
milk; and Group III, made up also of 6 females, received a supplement of 
1.0 mg. Cu per 100 cc. 

Hemoglobin determinations were made on the blood of these animals 
during the first few months either every week or every two weeks. Later 
the hemoglobin was determined at 4-week intervals. 

In addition to the three groups of animals mentioned above, two other 
groups were available for a comparison of growth and reproductive per- 
formance on a similar diet, as part of an experiment designed to test the 
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toxicity of copper added as copper sulfate. At the start of this experiment, 
4 groups of four rats each were taken at weaning and fed different levels of 
copper. In the first group each rat received 0.25 mg. Cu daily, in the 
second 1.0 mg. Cu; in the third, 4.0 mg. Cu; and in the fourth, 16.0 mg. Cu. 
The animals of each group were kept in one large cage with a screen bot- 
tom and were fed the total copper allowance for the group in a small 
amount of milk in the morning. This was done in order that complete con- 
sumption would be secured. As this was consumed, more milk was added 
later. Hemoglobin determinations were not made on any of these animals. 

The animals of the two groups receiving the highest copper dosages, 
namely 4 and 16 mgs. daily, did not long survive. Seven of the eight ani- 
mals died in from two to four weeks. One of the rats which was receiving 
4 mg. of Cu daily lived, however, for over 30 weeks, during which time it 
made slow but definite growth increases. It was finally discarded. These 
results indicate that young rats have, apparently, a large tolerance for 
copper, even when it is added to their diet in the form of copper sulfate. It 
is to be noted that the copper was offered to the rats in a rather concen- 
trated mixture in the early part of the day and that, had it been mixed with 
a large quantity of milk so that it could have been consumed over a longer 
period, the tolerance might possibly have been higher. In other experi- 
ments in this laboratory, where a copper salt was mixed intimately with a 
dry ration, rats have consumed approximately 4 mg. daily over a period of 
28 weeks and have grown and reproduced with every appearance of nor- 
mality. It would, therefore, appear that copper is not so toxic as has been 
indicated often in the literature. 

The two groups in this series which received the lower dosages of copper 
(0.25 mg. and 1.0 mg. Cu per animal daily), survived for long periods. 
Their performance will be discussed with the three groups described ear- 
lier. We will refer to them as Groups IV and V respectively. Group IV 
consisted of 2 males and two females; group V of 1 male and three females. 

It is not our intention to discuss in any great detail the performance of 
these five groups receiving cow’s whole milk supplemented only with cop- 
per, since it is known that the diet was otherwise deficient, as, for example, 
in iron. We shall summarize the results as briefly as possible and present 
typical instances in Charts 1 and 2. 

It was surprising that the animals performed as well as they did. As 
might be expected, a marked anemia was exhibited which was of long 
duration in most cases. Only after many weeks, when the growth of the 
animal had largely ceased, did the hemoglobin approach anything like nor- 
mal levels. In many instances it remained below normal throughout the 
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CHART 1.—PERFORMANCE OF FEMALE Rats ON A Diet OF WHOLE MILK AND COPPER. 
Slow growth and long continued anemia may be noted. 

No. 792 is one of the group that received 0.1 mg. Cu as copper sulfate per 100 cc. of milk. 
In this group there were 4 females, one of which had one litter of 3 young after over 40 weeks on 
this diet. The other females produced no young. 

No. 796 is one of the group that received as an addition to the whole milk diet 0.5 mg. Cu as 
copper sulfate per 100 cc. of milk. In this group of six females only one other besides No. 796 pro- 
duced young, a litter of six being born to each. No. 796 was the only one to raise her young to 
weaning. 

No. 807 had the best record in the group of six females that received copper at the level of 
1.0 mg. Cu per 100 cc. of milk. Three others produced one litter each. No. 807 raised some of 
each of her litters. 

In this and the charts that followthe solid line represents body weight while the broken line with 
X’s are hemoglobin values in gm. per 100 cc. of blood. The number and letter Y indicate the 
number of young born and thenumber and letter Rindicate thenumberof young raised to weaning. 
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life of the animal. The growth responses of the animals were sub optimum 
but good weights were obtained eventually, especially in those groups re- 
ceiving the higher dosages of copper (1.0 mg. Cu per 100 cc. milk and 1.0 
mg. Cu per animal daily). In the group receiving the lowest copper supple- 
ment (0.1 mg. Cu per 100 cc. of milk), the two males attained weights of 
290 to 300 grams after 28 weeks on the diet. Females in this same group (in 
all but one case) attained weights of 240 gm. or over in 26 to 28 weeks. 
However, hemoglobin values remained quite low, never getting above 10 or 
11 gm. per 100 cc. of blood and being generally less than 7 gm. during most 
of the lifetime of the rats. Four of the animals succumbed to infection of 
the respiratory tract after 40 or more weeks, and the other two were dis- 
carded after more than a year on the diet. Growth and well being were in- 
variably better in the other four groups. 

Opportunities for mating were provided for all the females in these 
groups either with males in the same group or with stock males which were 
placed in their cages. When stock males were used these were changed at 
intervals so that they did not have to exist for extended periods on the 
milk and copper diet. Females in advanced pregnancy were segregated in 
individual cages provided with shavings as litter. They were returned to 
their groups after their young were weaned or had died. Living young were 
born in all groups. A total of seventeen litters was secured from the fe- 
males of the five groups during the period of 47 to 55 weeks that they were 
kept on this diet. The poorest reproduction was shown by Group I which 
received the lowest level of copper. Among the four females of this group 
only 1 litter of three young was born. In all groups except one there were 
always some females which produced no young while other females pro- 
duced two or three litters. 

In view of the fact that it has been suggested that milk is iow in vitamin 
E, we were on the watch for any evidence of resorption of young but found 
no indication of it in any instance. To further test this point we made daily 
vaginal smears on two females of Group IV that, although well grown and 
apparently vigorous, had not produced young as had the other female in 
this group. For a period of about 160 days vaginal smears were made daily 
to detect ovulation and any mating. During that time ovulation was very 
irregular, one female having a dioestrum period at one time of 85 days 
while the other went for 66 days without ovulating. No evidence of mating 
was ever found even at such times as they did ovulate, although the male 
in the group was known to be fertile. It seems, therefore, that the lack of 
fertility in some of the females on this diet must be ascribed to some other 
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disturbance than that of resorption of fetuses. This point will be discussed 
in subsequent pages. 

The mammary function of females on this diet of whole milk and copper 
was also poor. Many of the litters born were not suckled, and they died in 
the course of a few days. Some individuals from nine of the litters were, 
however, suckled and raised and were eventually weaned and placed on the 
same diet that their dams had received. Representatives of all the groups 
except Group I were present in the second generation. The poor mammary 
function of the dam was further shown in the slow growth of these young 
during the suckling period. When weaned, between three and four weeks 
of age, they weighed generally from 38 to 44 grams which is 10 to 12 gm. 
below the weight of young of the same age from our stock colony. It was 
noted also that for some time before they were weaned they were getting 
most of their nourishment from the dam’s feed dish and not by suckling. 

It must, however, be emphasized at this point that nothing in the way of 
paralysis, or screaming or running fits was ever noted in any of the young 
from these milk fed animals. These symptoms have been observed by 
others (5, 6) in young suckling rats and have been explained as being 
caused by the specific lack of vitamins E and B. We observed no such 
symptoms. 

The second generation consisted of 20 females and 20 males divided be- 
tween 9 litters. Some of the earlier of these litters were maintained for 
periods of 51 to 52 weeks on the identical diets that their dams had re- 
ceived. Other of the later litters were discarded after about 40 weeks. 
Opportunities for mating were provided as all litters contained individuals 
of both sexes. 

The growth and reproduction of the second generation was practically 
as we have described above for the first generation—hence no additional 
discussion is necessary. A total of 7 litters of young, most of which were 
alive at birth, was born. Of these, 4 litters were nursed more or less success- 
fully, so that altogether 12 individuals were weaned and placed on identical 
diets, representing the third generation. 

In Chart 2 are presented the records of two of these third generation 
animals (No. 14999 and No. 1454). Long records are not available on 
any of the individuals, of this generation. As may be seen, however, initial 
growth is fair in spite of the marked anemia. Vaginal smears were made on 
the females and the ovulations of No. 1499 are indicated on the chart. 
These are at a rate much below normal. It may be noted that the male, 
No. 1454, was shown to produce viable sperm since he sired two small 
litters of young, none of which, however, lived. 
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Cuart 2.—GROWTH AND REPRODUCTIVE PERFORMANCE ON A Dret OF WHOLE MILK AND CopPpeER. 


No. 945 received 1.0 mg. Cu daily in addition to his diet of cow’s whole milk. Growth as may 
be noted was good. He was one of a group consisting of three females besides himself. One of 
the females produced three litters of 9, 9, and 5 living young, of which he was the sire. The last 
litter was born one week before he was discontinued. He attained to a greater weight than other 
males on similar diets. 


No. 1168 was one of a group of five second generation animals (2 ¢* and 3 9). They received 
0.25 mg. Cu daily per animal in addition to milk diet. One of the o's died after 33 weeks and one 
of the 9s after 38 weeks from pulmonary infection. The other female, besides No. 1168, produced 
one litter of 6 young of which she weaned 3. As instanced by 1168, growth was poor and anemia 
was marked. 

Nos. 1499 and 1454 are two representatives of third generation groups on milk and copper. 
No. 1454 was known to be the sire of two small litters of living young. 

In this and the following charts the O’s on the growth curve indicate ovulations. 
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EXPERIMENTS ON MILK SUPPLEMENTED WITH COPPER AND IRON 


During the past year we have carried on experiments (in addition to 
those described above) in which the milk diet was supplemented not only 
with copper but also with iron. In view of our experience with the per- 
formance of animals on the copper supplemented milk, it was assumed that 
the further addition of iron might improve the diet so that better growth 
and better reproduction would result. It was also thought that, should the 
iron and copper supplemented milk diet still prove deficient, the possibil- 
ities of discovering the nature of these deficiencies would be greater when 
both the inorganic elements, viz., iron and copper, were present in sufficient 
amounts. 

The diet used was cow’s whole milk supplemented with 0.5 mg. Cu as 
copper sulfate and 1.0 mg. Fe as ferric chloride per 100 cc. of milk. In one 
group a slight variation was made in that the iron was fed at the rate of 
0.5 mg. Fe per animal daily in a small amount of milk and as this was con- 
sumed more milk was added containing the above copper concentration. 
The animals were placed on the milk diet at weaning and kept in cages 
supplied with screen bottoms. 

Both males and females were started on these diets either in groups by 
themselves or in groups where litter-mate brothers and sisters were pres- 
ent. Because of a marked testicular degeneration noted in males con- 
fined to this diet, a discussion of their performance will be set forth in 
another publication. The present discussion will be confined to the per- 
formance of the females. 

A total of 19 females (first generation) on the milk, copper, and iron diet 
was studied. We present typical instances of their performance in Chart 
3 in which are shown growth, hemoglobin values and reproductive per- 
formance. In brief, it may be said that the growth was of the same order 
as that secured in the previous experiments in which copper only was added 
to milk. Good weights were eventually secured, but neither the increases 
in weight nor the final weights attained were optimum. The hemoglobin 
_values remained fairly uniform throughout and no marked anemia was 
present, but the values remained close to 12 gm. per 100 cc., which is prob- 
ably close to the lower limits of normal values. Probably due to the ab- 
sence of the anemia, less evidence of infections of the respiratory tract and 
a slightly better condition in general was observed in these females as com- 
pared with those in the earlier experiments on milk and copper. 

Among the first animals to be started on this diet were 6 females which, 
after they were well grown, were given the opportunity to mate with males 
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on a similar diet. Following a lengthy period in which there was no evi- 
dence of mating or pregnancy, they were mated with stock males and daily 
vaginal smears were made on them in order to gain more insight into their 
reproductive behavior. The taking of vaginal smears was started about 20 
weeks after they had been on the diet and was continued until they were 
discarded. Three of the females were carried along on the diet for a total 
period of 56 weeks; two, because of very poor ovulation, with absence of 
mating, and rather poor general condition, were discarded after 45 weeks; 
and the sixth one died after 27 weeks on the diet. In females that mated 
and became pregnant, vaginal smears were discontinued after the im- 
plantation sign (R.B.C.) was observed. Just before parturition, the fe- 
males were segregated individually in cages provided with shavings as 
litter and allowed to bear their young and suckle them if they could do so. 
When the young were either all dead or else weaned, the females were re- 
turned to the group and daily vaginal smears made again. 

Of the above six females, three mated and bore young. One had three 
litters of 8, 9, and 6 young but raised only 6 of the first litter. The second 
had one litter of 6 which she did not nurse, while the third had a total of 
five litters of which she successfully raised three. This last individual is 
No. 1262 of Chart 3. Poor mammary function was evidenced here again 
in the lack of ability to nurse the young and in the slow growth of the young 
that were raised. The young rats were considerably below the weight of 
young from our stock colony at the regular weaning age of 3 to 4 weeks. 

The litters which were raised were continued on the same diet. The 
majority of these animals were, however, males and very little data are 
available on the performance of second generation females. One such fe- 
male produced one litter of 7 young which she did not raise. She had been 
on the milk, iron and copper diet for about 22 weeks when her litter was 
born. Growth in the second generation was not so good as in the first. 

Other females of first generation groups, started later than the one dis- 
cussed above, had similar histories. Not all of the 19 females (first genera- 
tion) kept on this diet had the opportunity to mate, because of the fact 
that we wished to study more thoroughly the ovulatory rhythm without 
the disturbance of mating. In the last group started on this diet, a group 
of 7 females, observations were made to determine the time at which the 
vaginal orifice opened. As soon as the orifice opened, daily vaginal smears 
were made. In one of these females the vaginal orifice opened after 7 weeks 
on this diet (age 78 days), in another it opened after 9 weeks (age 91 days), 
in two others it opened between 10 and 11 weeks after being started on the 
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diet, in the fifth animal it did not open until after 15 weeks on the diet, 
while in the remaining two animals the vaginal orifices have not opened to 
date (22 weeks on the diet—age around 175 days). Long and Evans (7) 
have shown that the vaginal orifice is established in normal females at an 
average age of 76.5 days. 


Body Wet 
Gm. 


CHart 3.—PERFORMANCE OF FEMALE Rats ON A Diet OF WHOLE MILK, IRON, AND COPPER. 


Nos. 1258 and 1262 are two of a group of six females, three of which did not reproduce. The 
performance of No. 1262 is the best we have encountered on milk diets. The | on the curve of 
No. 1469 indicates the time at which the vaginal orifice opened. Ovulations were slow and irregu- 
lar on this diet. 
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In those animals in which the vagina opened naturally, ovulation has 
been very poor as is shown in Chart 3 (Rat No. 1469). This poor ovula- 
tion has been noted in all females on this diet on which vaginal smears were 
made. Even in the case of No. 1262, which made such an exceptional rec- 
ord, the early ovulations were at a very slow rate. 

Because of this exceptionally poor ovulatory rhythm we made some pre- 
liminary experiments in which we attempted to improve the ovarian func- 


Body 
Gn. 


Cart 4.—Txe Errect oF MANGANESE AND IODINE ON INCREASING THE OVULATORY RHYTHM. 

At the point indicated by \ additions were made to the basal diet of milk, iron, and copper 
as follows: No. 1428 received 0.5 mg. Mn per 100 cc. of milk; No. 1429 received 0.2 mg. I per 
100 cc. of milk; while No. 1430 received both these additions. Later the iodine dosage was re- 
duced to 0.002 mg. I. 


tion by the addition of small amounts of inorganic substances. The known 
effect of low vitamin B intake on suppressing ovulations (8) and the slow 
growth of the young suggested that the milk diet might be low in vitamin 
B. On the other hand, it did not seem to us, in view of the continued pro- 
duction of young in several generations with the absence of any specific dis- 
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turbance in them during the suckling stage, that vitamin B could be low. 
Consequently we attempted to improve the diet by the addition of inor- 
ganic substances only. 

The two elements which first occurred to us as possibly being present in 
insufficient amounts were manganese and iodine. Manganese has been 
found by Titus e¢ al (9) to supplement iron effectively in curing the nutri- 
tional anemia produced by a milk diet and, while we could not confirm 
these findings in our laboratory (10), we have kept in mind that it might be 
found to be necessary or beneficial when animals were kept on milk for 
longer periods. Iodine was suggested to us by the fact that Maurer and 
Ducrue (11) have shown that, next to the thyroid, the ovary and uterus 
among the organs of the body possess the most iodine. 

In view of these considerations we decided to add these elements to the 
diet of milk, iron, and copper. Of the 19 females discussed above, we chose 
three which had been on this diet for about 28 weeks and which had ovu- 
lated only at long intervals. To the diet of one was added manganese as a 
solution of manganese chloride at the level of 0.5 mg. Mn. per 100 cc. of 
milk, to another iodine as a solution of KI at the level of 0.2 mg. I per 100 
cc. was added, while the third female received both manganese and iodine 
in the above concentrations. Later the iodine dosage was reduced to 0.002 
mg. I per 100 cc. Immediately following either addition, the females be- 
gan to ovulate at very regular intervals, namely every 4 to 5 days, and have 
continued to do so. We present in Chart 4 the details of this experiment. 


DISCUSSION 


As we have already stated, our object in carrying out these experiments 
was to obtain more information on the nutritive properities of cow’s whole 
milk. Our observations have covered the field of toxicity of copper, growth, 
ovulatory rhythm, ability to bear and nurse young on a sole diet of milk 
supplemented with small amounts of copper and with small amounts of cop- 
per and iron. Our results have indicated, that, for the rat at least, milk so 
supplemented is still not a perfect food. Growth, as we have shown, is not 
at a normal rate. This we assume, in the absence of more specific informa- 
tion, may be due to a low intake of calories because of the large amount of 
fluid that has to be ingested and that a limiting factor may be the capacity 
of the animal to handle sufficient quantities. In preliminary experiments 
in this laboratory we have doubled the caloric content of the milk by 
adding, among other things, whole milk powder, and have observed much 
better rates of growth in the early weeks. Whether this is entirely due to an 
increase of calories remains to be seen. 
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The poverty of milk in certain specific vitamins, notably vitamin B, has 
been the subject of much discussion. Not wishing to go into a complete 
discussion of the literature, we would refer to a recent article by Daniels, 
Jordon and Hutton (12) in which they deal with this subject and its rela- 
tion to the growth of suckling young in milk fed rats. We prefer to explain 
the slow growth of young born to our milk fed females as being due to poor 
mammary function in the mother (quantitative) and not to any lack of 
known vitamins in the mother’s diet. We are influenced in this opinion 
by the total absence of any specific symptom in the young, such as muscle 
incodrdination, screaming or running fits, or collapse, and the fact that 
young, showing evidence of being nursed at all, grew and were weaned even 
though the growth rate was slow. It is noteworthy that certain females 
(see 1262) were able to produce several litters of young and nurse them 
more or less successfully on this diet without themselves or the young 
showing distinct evidence of lack of vitamin B. 

The decreased lactating ability of the females we are unable to explain 
unless it is that the low caloric intake does not allow full mammary de- 
velopment. It is altogether possible that the decreased mammary function 
is another expression of deranged ovarian activity, as are the irregular and 
slow ovulations observed on these milk diets. 

The taking of daily vaginal smears on all of the later animals has given 
us a better insight into the reasons for the poor reproduction of these milk- 
fed females. It is apparent that sexual maturity comes much later on this 
diet than in normal animals. Ovulations, even when once initiated, come 
generally at very long and irregular intervals and mating is not always 
accepted during these ovulation periods. The exact nutritive deficiency 
that is responsible for this condition we cannot yet decide, but the results 
so far secured with the addition of small amounts of manganese and iodine 
suggest that these inorganic elements may play an important part in the 
normal acitivity of the ovary and that they are not present in sufficient 
concentration in the milk which we used. It is of interest in this connection 
that Daniels and Hutton (13) secured better reproduction in milk fed ani- 
mals by adding certain inorganic materials which included manganese and 
iodine. 

Our study of the reproductive performance of milk-fed females has 
shown that there is no evidence of lack of vitamin E in animals subsisting 
on the whole milk used by us. This is of importance in view of the fact that 
milk has been thought to be low in this factor. In no instance have we 
found any evidence of resorption of young in pregnant females. Our experi- 
ence has been that in those females in which mating and pregnancy had 
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been established by vaginal smears, young were always delivered. This is 
of further interest when it is considered that a marked testicular degenera- 
tion has been noted in males confined to a diet of milk, copper, and iron. 
These findings will be reported in another publication. 


SUMMARY 


A study has been made of the growth and reproductive performance of 
rats on diets of cow’s whole milk supplemented with copper and with cop- 
per and iron. 

On a diet of whole milk and copper a chronic anemia, due to the low iron 
intake, was observed. Growth and reproduction were below normal, al- 
though fair weights were eventually reached and living young were pro- 
duced. Many of the young born were not nursed, and those that were 
suckled grew more slowly than young from our stock colony. Third genera- 
tion animals were secured. 

On a diet of whole milk, iron, and copper, no anemia was observed but 
growth and reproduction were still sub-normal. The rearing of young was 
poor, due to poor mammary secretion. It is suggested that subnormal growth 
and poor rearing of young may be due to the low caloric diet. No specific 
evidence of low vitamin B was observed. 

By means of daily vaginal smears it was established that subnormal re- 
production was due to late sexual maturity and very poor ovulation. Some 
females ovulated at very long intervals and never mated. Preliminary ex- 
periments indicate that the addition of small amounts of either manganese 
or iodine, or both, greatly improves the ovulation rhythm in females on the 
milk, copper, and iron diet. 

No evidence of lack of vitamin E was noted in females on these milk diets. 
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N THE immediately preceding paper we have discussed the effect of 

supplementing a diet consisting of cow’s whole milk with copper and 
iron salts on growth and reproduction in the female rat. In this paper we 
wish to report the occurrence of male sterility on the same diets. We first 
noted testicular degeneration in two male rats on this diet in some of our 
early experiments when studying the supplementary effect of copper and 
iron on the cure and prevention of anemia caused by milk diets. In those 
experiments it was our custom to take young rats at weaning and put them 
on a sole diet of milk until a marked anemia had developed. When the 
hemoglobin level was sufficiently reduced, the rats were taken for experi- 
ments in which corrective measures were tried. Out of each of two groups 
of such animals that had received an addition of iron and copper to the 
basal diet, a male and a female were retained to determine if continued 
growth would take place and if they would reproduce. 

The history of these four animals need not be detailed here, but it was 
eventually found that both males were sterile while one of the females 
mated with a stock male produced living young on this diet. One of the 
males died after having been on the milk diet for 39 weeks while the other 
male was continued for more than a year. In both cases evidence of steril- 
ity was noted as indicated by infertile mating and by the presence of non 
viable sperm in the vaginal plug. At death the right testis from each was 
saved for histological examination. 

The testes were small and extremely edematous, and smears from the cut 
epididymis showed complete absence of sperm. Later histological sections 
of the testes showed complete degeneration as evidenced by the absence of 
germinal epithelium. Because of the fact that these animals had lived 
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through an early period of severe anemia and because they had been on 
such low levels of copper intake that their hemoglobin levels remained sub- 
normal, it was thought that the long continued anemic condition might 
have been responsible for the testicular degeneration. It was also thought, 
at that time, that the sterility might have been occasioned by the low 
vitamin E of the diet since many workers have brought forward evidence 
that milk is low in vitamin E. In later pages we will discuss our findings in 
this regard since we do not believe this to be the cause of the sterility ob- 
served in our experimental male rats. 

In later experiments in which both male and female rats were made to 
subsist for long periods on whole milk supplemented with iron and copper, 
we again observed sterility in the males, characterized as before by the 
complete disappearance of the germinal epithelium. In nearly all of these 
experiments, iron was added in the form of a solution of ferric chloride at 
the rate of 1.0 mg. Fe per 100 cc. of whole milk, and copper in addition as a 
solution of copper sulfate at a level of 0.5 mg. Cu per 100 cc. of milk. These 
additions were made to the diet from the time that the animais were 
weaned and hence their hemoglobin level was maintained at approximately 
a normal figure. It would seem, therefore, that anemia, acute or chronic, 
was not an essential factor in the cause of this sterility. All of the first 
generation males on this diet grew well, reaching weights around 300 gm. 
after 16 weeks. 

In the first of the later experiments a group of 4 males was kept on the 
above ration for 15 weeks after which the males were caged individually 
with females on the same diet. After some weeks, when no pregnancies re- 
sulted, daily vaginal smears were started on the females to determine if 
mating was taking place. A few days later a vaginal plug was found in one 
of these females but very few sperm could be found and those seen showed 
signs of abnormality as none were motile. The female did not become preg- 
nant. Following this observation, it was decided to subject the males to 
test matings with young normal females on our stock diet. The normal 
females were subjected to daily vaginal smears and when any was found to 
be in the beginning stage of ovulation she was placed in the cage of one of 
the males. The following day search was made for a vaginal plug or residual 
sperm and the female was returned to her own cage. Test matings were se- 
cured on three of the males, but the fourth one never copulated although 
several opportunities were afforded. From these matings, pregnancy never 
resulted and spermatozoa were either abnormal in appearance, or absent 
from the vaginal contents. 
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The first infertile mating observed occurred when the males had been on 
the diet about 21 weeks at which time the male in question was 175 days 
old. In order to allow the degeneration to proceed to the maximum, the 
males were continued on the diet for several weeks longer. Two were killed 
after 35 weeks and the other two after 38 weeks. The right testis was fixed 
and saved for histological study while the other was used for determining 
the fresh weight and for making smears from the left epididymis. These 
animals are numbers 1263, 1264, 1265, and 1266 of Table I. 

In a second group started on this diet three males were present. These 
were allowed to continue for 32 weeks after which they were killed; no 
mating history was secured on them. They are numbers 1325, 1326, and 
1329 of Table I. 

When it was apparent from the mating history of the first group that 
degeneration was to be expected, a slight modification was made in the 
diet of a later group. This group of six animals, ittermates, made up of 
three males and three females, received iron at the rate of 0.5 mg. Fe each 
daily in a small amount of milk in the morning and after this was con- 
sumed they received more milk containing the same copper concentration 
as described above. This was done because it was the iron that was sus- 
pected of causing, either directly or indirectly, the injury to the testis. 
Therefore, by feeding it all in a small amount of milk, the major part of 
the diet was not subjected to its prolonged influence. The group was kept 
in one large cage supplied with a screen bottom. 

Approximately 10 weeks after the animals were started, vaginal smears 
were made daily on the females. Two days later the remains of a vaginal 
plug were found in one of the females. This showed very few sperm. The 
sperm were abnormal, having swollen heads and being tangled in masses. 
No free sperm were found in the deeper portions of the vaginal canal, which 
would indicate that none of the sperm were motile. Twelve days later the 
same female mated again, and again abnormal sperm were found in the 
vaginal contents. The female did not become pregnant and ovulated 10 
days later. This indicated that even as early as 10 weeks on this diet 
marked degeneration was present in the testes of these males. Immedi- 
ately following this one of the males (No. 1425) was killed and his right 
testis fixed for histological study. The other two were separated from the 
females for further testing with young, normal females. 

Two such test matings were secured during the next few weeks with two 
young females from our stock colony. In both cases the sperm found in the 
vaginal canal gave evidence of abnormality, and in no case did either fe- 
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male become pregnant to these matings. It is to be noted that both males 
were in the same cage and it was assumed that both had participated in the 
copulations. Some time later one of the males (No. 1427) was killed be- 
cause of an infection in his left nostril which interfered very much with his 
eating, and his right testis saved for histological sectioning. The remain- 
ing male (No. 1426) was continued on the same diet. 

He was further tested about 4 weeks later with normal females and found 
to be apparently normal. The sperm seemed of normal morphology and 
females became pregnant. This was rather surprising but further tests 
proved that he was able to produce normal sperm because four litters of 
living young were sired by him. He was killed after 24 weeks on the diet 
and a description of the histology of his testis is reported in Table I. 

The above described ten animals are all of the first generation male 
rats that have been so far examined on the iron and copper supplemented 
milk diets. We have in addition, however, had the opportunity to study 
a litter of second generation animals, produced on this same diet (1.0 mg. 
Fe and 0.5 mg. Cu per 100 cc. milk), by a female that was mated with 
normal males. It so happened that of the six raised by her, five were males. 
It was thought that the condition would be much more severe in second 
generation males, but our observations being limited to these five, are not 
sufficiently extensive to determine this point. In Table I we have presented 
the findings which were secured by killing the second generation individuals 
at varying dates (Nos. 1446-1450). It is apparent that they too succumbed 
to the testicular disease. 

In Table I we present summarized post mortem findings on the ani- 
mals which we have described above. When the animals were killed the 
right testis with its epididymis was dropped immediately into a fixing 
solution as a preparation for sectioning, the capsule of the testis being 
incised to hasten fixation. We used Bouin’s fluid mainly, although we also 
used a formalin solution in some of the first work. The left testis was re- 
moved as soon as possible and the epididymis snipped across with sharp 
scissors and the cut surface smeared on a drop of Ringer’s solution on a 
glass slide. This was examined immediately under the microscope. In 
turn, the left testis was trimmed clear from the epididymis and fatty 
tissue and weighed. In practically all cases the weights were much below 
normal. If one takes, for example, the first four animals of Table I it will 
be seen that the average weight of the trimmed left testis was approxi- 
mately 0.8 gm. Donaldson (1) gives 2.694 gm. as a normal figure for the 
two testes of male rats of around 300 gm. in weight. This is a weight of 
1.34 gm. each. The weights as recorded by us do not, however, give a 
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Fic. 1. Section from the normal testis of a male (M64) 43 weeks old. He was fed a good 
stock ration throughout. Acknowledgement is made to Dr. A. R. Lamb who supplied this section 
of a normal testis. 

Fic. 2. Section from the right testis of No. 1263 (See Table I). Reduction in the size of the 
tubules and absence of germinal epithelium may be noted. Some of the shrinkage is probably due 
to the method of fixation. [Legend continued on opposite page.] 
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complete idea as to the actual reduction in amount of tissue because of the 
very marked edema present. In some cases it was impossible to weigh the 
testis because in trimming off the epididymis the capsule of the testis was 
accidentally snipped and fluid oozed out leaving the testis almost flat. 
This edema may be noted in some of the figures presented. 


With regard to the histological findings, our observations are not of 
sufficient variety to state what are the steps in the process of degeneration.* 
In most of the testes examined microscopically the end result is all that was 
apparent. This state is characterized by the complete disappearance of the 
germinal epithelium leaving only a loose syncytium of the sustentacular 
cells (Sertoli cells). The tubules are greatly reduced in size and are often 
flattened and misshapen. In very advanced cases the number of tubules is 
also much reduced and edema, in some cases very pronounced, is always 
present (See Figs. i—6). 


In a few of the testes of the first generation animals examined, the degen- 
eration was not quite complete and in some of the tubules multinucleated 
gjant cells were seen. In the excellent description of the testicular degenera- 
tion due to low vitamin E published by Mason (2) a similar “giant cell” 
stage has been described. The final disappearance of the germinal epithe- 
lium leaving only Sertoli cells is also a characteristic of low E male steril- 
ity. However, Mason did not apparently encounter the very marked re- 
duction in the size of the tubules and the pronounced edema observed by 
us. 

DISCUSSION 


The testicular degeneration which we have described above we believe 
to be unique in that it apparently is not caused by low vitamin E. In sup- 
port of this view we would draw attention to our work presented in the im- 
mediately preceding paper showing that female rats on identical diets have 


Fic. 3. Section from the right testis of No. 1325 (Table I). Two tubules still possess some 
vestige of germinal epithelium. 

Fic. 4. Section from the right testis of No. 1426 (See Table I). So-called “‘giant”’ cells may 
be seen in many of the tubules. 

Fic. 5. Section from the right testis of No. 1427 (See Table I). Two tubules possessing practi- 
cally no seminiferous epithelium can be seen. The other tubules are apparently normal. 

Fic. 6. Section from the right testis of No. 1449 (See Table I). One tubule still retains its 
germinal epithelium while the others are degenerate. ; 

All of the above photomicrographs were taken at a magnification of about 90 diameters. The 
original photos were reduced about one-half for reproduction. 

Grateful acknowledgment is made to Dr. T. H. Bast of the Department of Anatomy who 
made the photomicrographs. 
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produced living young. Many of these females were litter-mate sisters of 
the males described above who produced litters long after the males were 
completely sterile. Poor reproduction was actually observed in these fe- 
males, but, as we have shown, the reproductive mechanism failed in a 
manner entirely different from that occasioned by low E. If the testicular 
degeneration is due to low vitamin E, then there must exist an enormous 
difference in susceptibility between the two sexes, a difference which has 
not so far been noted by other workers. 

Another point of interest lies in the fact that the male sterility occurring 
on the milk, iron, and copper diet is apparently intensified by the presence 
of the ferric chloride which we used as a supplement. In earlier work we 
studied the reproduction of males and females confined to a whole milk 
diet supplemented only with copper. We encountered no evidence of 
male sterility on these diets until we discontinued the animals. Because we 
were then aware of the sterility occurring in males on the iron and copper 
supplemented diet, we examined the testes of several of the former males. 
In one male kept for 46 weeks on the milk supplemented with copper, 
histological section of the testis showed almost complete degeneration. The 
brother of this animal, caged with him for the same length of time on the 
same diet, showed a practically normal testis. In other males kept for from 
34 to 40 weeks on a copper supplemented milk diet the epididymal con- 
tents showed normal numbers and excellent motility of sperm. In two 
males on a similar diet after 51 weeks the testes were small and the smear 
from the cut surface of the epididymis of one showed only a few non-motile 
sperm. The smear from the other rat’s epididymis showed a less than nor- 
mal number of sperm, but there was excellent motility. 

These observations indicate that indeed the testis may eventually be 
affected on the copper supplemented milk diets but not to the degree that 
occurs when iron as ferric chloride is further added to this diet. In the 
observations recorded in this paper the sterility was complete generally be- 
tween 30 and 40 weeks on the latter diet. What the nature of the change 
caused by the iron is we cannot yet decide. We have already reported (3) 
a marked effect of adding ferric chloride to dry rations. 

With regard to the record of No. 1426, it may be that the explanation 
lies in a variation in resistance of different animals. That his brothers did 
show marked testicular degeneration and that within his own testis some 
degenerate tubules were seen, lends support to the belief that he may have 
been affected earlier and then recovered. The possibility of recovery from 
such an advanced sterility, if caused by lack of vitamin E, would be small 
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according to Evans and Burr (4, p. 39). The iron dosage received by this 
group (0.5 mg. Fe per animal daily) was undoubtedly higher in the early 
weeks than that received by others fed 1.0 mg. Fe per 100 cc. of milk, since 
young rats do not usually consume 50 cc. of milk daily. Later, however, 
his iron intake was less than that of animals in other groups because as the 
rats near maturity as much as 100 cc. of milk may be consumed. It must 
also be mentioned that just prior to the time No. 1427 was discontinued, 
our milk supply was changed. Whereas it had been produced by cows re- 
ceiving wheat straw as their only roughage, it was now supplied by cows re- 
ceiving alfalfa hay and silage as part of their ration. We do not know 
whether or not this had a modifying effect on the course of the sterility, be- 
cause of insufficient data. 

As to the possibility in general of recovery from this sterility by means 
of a change in the diet, we cannot say anything definite. This, together 
with many other details of the problem, remains to be worked out. 


SUMMARY 


1. Total sterility in male rats has been observed on a diet of cow’s 
whole milk supplemented with small amounts of iron and copper salts. 
This sterility is characterized by the complete disappearance of the germ- 
inal epithelium, great loss in amount of testicular tissue, and pronounced 
edema. 

2. This sterility is not due apparently to lack of vitamin E. 

3. The effect on the testis is greatly intensified by some action of the 
ferric chloride. What this action is, is unknown. 
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N 1928 we reported (1) the occurrence of sterility in female rats on 
mixed diets that had been treated with an ether solution of ferric 
chloride. The sterility was characterized by resorption of fetuses and was 
cured by adding daily doses of wheat germ oil to the diet of the affected 
females. We interpreted our results, therefore, as showing that the iron 
treatment had destroyed in some way the vitamin E potency of the diet. 
In this paper we wish to report further work which we undertook in an 
attempt to elucidate the manner in which the iron brings about this effect. 
In addition to studying female performance, we have studied the effect 
of such a diet on the testes of males. The results secured from these experi- 
ments will also be reported below. 

For a complete description of the ration which we used we would refer 
the reader to our earlier publication (1). It consisted of a mixture of 2/3 of 
a dry stock ration in use in this laboratory and 1/3 whole milk powder.’ 
This mixture of stock ration and whole milk powder will be referred to 
throughout this paper simply as stock ration. 

The iron treated ration was prepared by taking 99 per cent of stock ra- 
tion and adding to it an ether solution of 1 per cent of ferric chloride. Suffi- 
cient ether was added to cover the ration in a flat dish. This was then set 
before a fan at room temperature and the mixture stirred at intervals until 
dry. Fresh batches of ration were made up every week or oftener. 


MALE STERILITY ON THE [RON TREATED RATION 


The work of Evans and Burr (2), Mattill and associates (3), and Mason 
(4) has shown that male rats become sterile when grown and maintained on 
diets lacking in vitamin E. The sterility is occasioned by a disturbance of 
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normal spermatogenesis, such that at first non-viable sperm are produced 
and that later pronounced degeneration of the seminiferous epithelium 
takes place. 

To determine if the iron treated ration would bring about sterility in 
males, as it had done in females, we took young male rats at weaning and 
fed them this diet. One group of seven received the iron treated ration 
alone; a second group of seven received the iron treated ration and in addi- 
tion 200 mgs. wheat germ oil each daily (6 times per week). The first 
group was kept in one large cage provided with a screen bottom while the 
latter group was caged individually in screen-bottomed cages so that the 
wheat germ oil, which was fed in a separate dish, could be accurately meas- 
ured to each. 

The animals of both groups grew very well. Fifteen weeks after being 
started, the males of the first group averaged over 325 gm. while the males 
of the second averaged over 350 gm. Part of this difference was caused by 
an individual in the former which had an apparent infection of the re- 
spiratory tract and which weighed 262 gm. at the end of the 15 weeks. 
This individual also suffered from an everted penis (priapism?) which 
showed evident inflammation and scarring and hence he was discarded. 
His left testis weighed (trimmed) 0.33 gm. 

After about 20 weeks on these diets the males were all placed in in- 
dividual cages so that test matings with young normal females could be 
made. The females were of proven fertility and were placed with the 
males in their cages when in the early stages of estrus. 

The mating performance of all the 13 males was very poor. A total of 44 
opportunities to mate was given the six males remaining on the iron 
treated ration and only 9 positive matings were noted. The 7 males on the 
iron treated ration plus wheat germ oil had 54 opportunities to mate and 14 
positive matings were recorded. One male of the first group and two of the 
second group never copulated, even though as many as 10 and 12 opportun- 
ities were afforded each of them. We were very much surprised at these 
results because it has been emphasized by Evans and Burr (2) that sex 
interest is maintained in males for very long periods even long after the 
fertilizing power has been lost. 

From the nine positive matings by the males of the first group, no preg- 
nancies resulted. From the 14 positive matings by males of the second 
group only 3 pregnancies resulted. This again was surprising since we had 
expected that, even though sterility would supervene in the males of the 
first group, those of the second group would be protected by the wheat 
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germ oil. An explanation doubtlessly lies in the fact that the oil which we 
used was one of low potency even though the dosage was relatively high. 

Following these test matings all of the animals, except three in each 
group, were discontinued after approximately 26 weeks on the diet. The 
right testis from each animal was saved for histological study. 

The three males from each group that were retained were placed in cages 
along with normal females and all were fed the stock ration. Here a true 
difference showed up between the two groups of males. From the females, 
caged with those that had received wheat germ oil, litters were secured at 
frequent intervals while no pregnancies occurred in the females caged with 
the males which had received only the iron treated ration. Later the males 
were exchanged between the two groups of females and agairt litters were 
born in the group which contained the males fed wheat germ oil while the 
other females produced no young. 

These six males were later discarded and the right testes saved for his- 
tological study. 

Sections from the testes of all the animals that had received only the 
iron treated ration showed complete or almost complete absence of germ- 
inal epithelium. Even in those three that had been maintained later for 
many weeks on the untreated stock ration, no histological evidence of 
recovery was noted. Marked edema was also noted in these testes. Six of 
the seven testes from the group which received wheat germ oil were sec- 
tioned and examined and all displayed an apparently normal structure. 

It was apparent from these results that the iron treated diet was active 
in bringing about sterility in males. Those receiving this ration only were 
shown to be sterile after 20 weeks and those discontinued after 26 weeks 
were found to have lost practically all of the germinal epithelium from their 
testes. Even in those three that had been changed to the stock ration no 
evidence of testicular recovery was noted. It was, in fact, noted that their 
testes were flabby and edematous when they were discontinued. The 
trimmed left testis from one weighed only 0.73 gm.; that from the second 
weighed 0.90 gm.; while the testis from the third weighed 0.76 gm. Damage 
had been wrought beyond repair. 

In contrast the testes from the group receiving wheat germ oil were 
histologically normal. The explanation of the poor fertility in this group 
during the test matings is probably the fact that the dosage of wheat germ 
oil was conferring only minimum protection. Evans and Burr (2, p. 39) 
have stated that there is a period of early infertility in males on low vita- 
min E in which the power to fertilize eggs is lost but that no structural 
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change may be noted in the testis. It is probable, therefore, that such a 
stage was reached in the males of this group when the test matings were 
first made. Those discontinued showed no histological evidence of degen- 
eration while those changed to the stock diet completely recovered. 

We cannot explain the lowered sex interest and activity exhibited by 
these two groups of males. 


FURTHER EXPERIMENTS ON [RON-TREATED DIETS 


In our earlier work on female sterility brought about by iron treated ra- 
tions, we observed a total absence of initial fertility. This point was of 
much interest in view of the fact that initial fertility, due to the reserves 
of vitamin E with which the animal is born, has been observed by Evans 
and his coworkers on nearly all rations studied by them. As a means of 
testing the iron treated ration further, and also to prepare sterile females 
for further experiment, we set about to raise many young females on this 
diet. 

During the course of a month 94 females were taken at weaning and 
placed on the iron treated ration. Groups, containing for the most part 7 
individuals, were kept in large cages fitted with screen bottoms. After 12 
or 14 weeks, when the animals were well grown, stock males were placed in 
their cages so that mating might take place. At the same time vaginal 
smears were made daily on the females of seven of these groups so that ac- 
curate information could be obtained on their reproductive performance. 
Animals in which positive mating and implantation sign were noted, were 
weighed daily so that all criteria for the establishment of resorption were 
observed. Our experience was a repetition of what we observed earlier, 
viz., that sterility was present in all females even in the first gestation. No 
young were born to any of these females, all the fetuses being resorbed. 
Those groups on which no vaginal smears were made were observed fre- 
quently to determine if any young were born, but none was found. 

These observations, and many others which we made subsequently, per- 
mit us to state that females raised on the iron treated ration, prepared as 
we have described above, are invariably sterile by the time they reach ma- 
turity. 

That the iron concentration of the ration was not of itself responsible for 
the sterile condition in the female rats, was indicated in our first work. 
There it was shown, and we have substantiated it in later work, that sterile 
females continued on the same diet but given in addition wheat germ oil 
(fed separately) produced young in the next succeeding gestation. It was 
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apparent that the effect was due to a change which the iron brought about 
in some constituent of the diet—the most likely of which was the fat. To 
determine if the iron would bring about the same result in the ration when 
added as a watery solution, and particularly where no drying was per- 
mitted, we performed the following experiment. 

Sterile females from the groups discussed above were mated again and 
on the day of positive mating were segregated and fed the stock ration 
treated with ferric chloride dissolved in water. The same iron concentra- 
tion was used as before but sufficient water was added so that the mixture 
after stirring was quite fluid in the feed cup. A fresh preparation was fed 
each morning, any food which remained from the day before being dis- 
carded. This method was followed throughout the period of gestation with 
the results indicated in Table I. There it may be noted that the females in 
which pregnancy was established bore living young and that the sterility 


TABLE I 


PERFORMANCE OF STERILE FEMALES ON STOCK RATION TREATED WITH AQUEOUS SOLUTION OF 
Ferric CHLORIDE 











Animal Date of Placental 
number Diet mating sign Young born 
996 Stock ration treated 1/20 Ovulates, 11 day cycle 
1058 with water solution 1/20 2/2 9 young 
of ferric chloride. 
1102 1/22 Ovulates, 11 day cycle 
Fed fluid daily. 
1057 1/24 Ovulates, 12 day cycle 
No drying. 
1090 2/5 2/18 7 young 
1092 2/7 2/20 5 young (3 dead) 
1080 2/13 2/26 6 young 

















was overcome. It was apparent, therefore, that drying with the accom- 
panying aeration was in all probability a necessary factor in the destruc- 
tion or inactivation of the vitamin E. 

Other experiments performed later throw further light on this phase of 
the problem. As a means of determining if the iron treated ration could be 
prepared in a less expensive way by using less ether or else by using water 
as a solvent, we raised three groups of females from weaning to maturity 
on the following modifications of the ration. One group received the ration 
prepared by adding all the iron to 1/10 of the ration by means of ether 
solution. After this was dried before a fan it was intimately mixed with 
the untreated nine-tenths. The second group was fed a ration prepared 
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exactly as above except that the iron was added to the one-tenth of the 
ration by mean: of water solution. The third group received a ration pre- 
pared by adding the iron in water solution to the whole amount of the ra- 
tion. The two rations which received the iron in water solution were finely 
ground after the drying process was complete. All three rations had the 
same iron concentration as the ration described above, viz., 1 per cent of 
ferric chloride, and all were made up every week or oftener. 

The three groups, each consisting of seven females, were mated after 
about 10 weeks on these diets. Vaginal smears were made daily on all the 
females. 

Young were delivered by a majority of these females at the end of the 
first gestation, only a very few showing resorption. Second gestation per- 
formance, likewise, indicated a high degree of fertility although more re- 
sorptions were encountered than in the first gestation. 

These results suggested that the sterility-producing effect of the original 
iron treated ration was evidently brought about by intimate contact of 
the iron and the ether-soluble material in the ration. This again directed 
our attention to the fats. 

In addition to its effect on the vitamin E of a mixed ration, we have also 
found that iron will inactivate more concentrated sources of vitamin E. 
For example, we have treated wheat germ with an ether solution of ferric 
chloride and noted a very marked destruction or inactivation of the vita- 
min. Whereas the untreated wheat germ in daily doses of 250 mg. was 
found to bring about fertility in sterile females, raised and maintained on 
the iron treated ration, amounts four times as great (1.0 gm. daily) of the 
treated wheat germ did not prevent resorption of fetuses. (See Table IT.) 

Samples of wheat germ oil were also rendered partially impotent by long- 
continued aeration at 100° C. in the presence of iron. Fifty cc. of wheat 
germ oil were mixed with 100 cc. of ether containing 1 gm. of ferric chloride 
in solution. This mixture was placed in an oven at approximately 100° C. 
and heated air was bubbled through it for 10 hours. The ether soon evap- 
orated leaving the iron distributed throughout the oil. Such treatment 
brought about very pronounced discoloration and the formation of some 
tarry residue which settled out. The aerated oil was poured through filter 
paper before being used. When fed at a level of 500 mg. daily during a 
gestation to sterile females which had been raised and kept on the iron 
treated ration, it did not prevent two of three females which became preg- 
nant from resorbing again. (Table II.) The fact that one of the females 
produced young indicated that destruction or inactivation was not com- 
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plete. It may be noted that Evans and Burr (5) reported no deterioration 
in wheat germ oil aerated at 100° C. for 10 hours. The very marked in- 
activation in the wheat germ suggests that the increase in surface aids the 
reaction brought about by the iron. 


Taste IT 
Tse Errect or IRON TREATMENT ON WHEAT GERM AND WHEAT GERM OIL 











Female P Date of |Placental| Young | 
number Dietary change mating | sign born Remarks 





250 mgs. wheat germ 1/15 1/29 8 5 dead. 
daily during gestation, 
fed separately. 

1/18 
1/20 1 dead. Female died 
in parturition. 5 more 
young found in utero. 
Mature but dead. 
Ovulates, 11 day cycle. 





1 gm. iron treated Resorption. 
wheat germ daily dur- Ovulates, 12 day cycle. 
ing gestation, fed sepa- Resorption 
rately. Resorption 
Resorption 
Resorption 





500 mg. wheat germ oil 
daily during gestation, 
fed separately. ? Female dropped 41 gm. 
in wt. Small amt. blood 
noted around vulva. 
Young consumed? 

2/11 2/25 





500 mg. iron treated 2/21 Ovulates, 12 day cycle. 
wheat germ oil daily 2/21 3/6 
during gestation, fed 2/22 3/8 Resorption 
separately. 2/23 3/6 Resorption 
3/7 Ovulates, 12 day cycle. 




















Is THE STERILITY PRODUCED BY THE IRON-TREATED RATION DUE TO THE 
PRESENCE OF AN “‘ ANTIVITAMIN’’? 

In 1927 Evans and Burr (6) noted that certain fats and fatty acids (lard, 

hydrogenated vegetable fat,? oleic acid) when mixed with small doses of 


* Crisco. 
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wheat germ rendered it impotent in the cure of sterility. They postulated 
the presence of antivitamin substances as an explanation (5). Their work, 
in conjunction with the experiments which we have described above, sug- 
gested to us the possibility that the sterility produced by the iron-treated 
ration might be due not so much to an actual destruction of vitamin E as 
to the production of some substance (or substances) which prevents vita- 
min E from acting. If such a substance was produced in the ration we 
thought that it might be possible to extract it. If it was extracted, the resi- 
due remaining might be able to support fertility. To test this point we per- 
formed the following experiments. 

Two hundred fifty gram portions of the iron treated ration were ex- 
tracted with ether at room temperature. The extraction was carried out by 
pouring several portions of ether over the ration in a medium-sized percola- 
tion funnel, the bottom of which was plugged with a wad of cotton. The 
dried residue, remaining after the extraction, was fed to sterile females be- 
ginning with the day of positive mating of the second gestation. This resi- 
due was fed ad libitum throughout the gestation to five females with the 
results indicated in Table III. Three of the females resorbed while two 
produced living young. These results, although not conclusive, suggested 
that, at least, the ration had been improved by the extraction and that the 


Tasre III 
Tse EXTRACTION OF THE ANTIVITAMIN FROM THE IRON TREATED RATION BY MEANS OF ETHER 








Female Date of |Placental} Young 
number Diet mating | sign born Remarks 





1065 Females fed the ether 2/25 3/7 Resorption 
1115 extracted residue from 2/25 3/10 Resorption 
1003 iron treated ration ad 2/27 3/12 
1089 libitum. 2/27 3/12 
1103 3/6 3/18 Resorption 





1122 230 gm. of stock ration 4/10 4/23 
1121 treated with iron-free 4/11 Ovulates, 12 day cycle. 
1117 ether extract from 250 4/15 4/28 Resorption 
1118 gm. of iron treated ra- 4/23 5/6 Resorption 
1124 tion. 5/20 6/2 Resorption 





1123 Iron treated ration, 250 4/10 Ovulates, 13 day cycle. 
1126 mg. daily wheat germ 4/12 Ovulates, 13 day cycle. 
1125 treated with iron-free 4/16 Resorption 
1120 ether extract from 15 4/25 Resorption 
1119 gm. of iron treated ra- 4/27 Resorption 
tion. 
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ether extract might contain some of the antivitamin. We decided to test 
this by seeing if it would induce sterility when added to rations known to 
be amply supplied with vitamin E. 

The reddish brown ether extract was found to contain large quantities 
of iron. This we decided must be removed so that no further iron effect 
could take place when it was added to other rations. The extract was, 
therefore, washed with several portions of 10 per cent HCl, since it was 
found that washing with water would not remove the iron. The acid wash- 
ing was followed by two washings with water. The extract so treated was 
found to be practically iron free. 

Sterile females raised and held on the iron treated ration were mated 
again and on the day of positive mating were segregated and fed the un- 
treated stock ration to which had been added this iron free ether extract of 
the iron treated ration. Because the extract from 250 gm. of iron treated 
ration carried approximately 20 gm. of fat, we added this to 230 gm. of the 
stock ration. This was dried and stirred before a fan at room temperature 
and fed to the sterile females throughout the second gestation. The re- 
sults, summarized in Table III, show that three out of four females that be- 
came pregnant resorbed again, indicating that the ether extract did carry 
some fertility-preventing substance. 

In a further experiment bearing on the same point, other sterile females 
were fed during a second gestation a daily dose of wheat germ to which was 
added the washed extract from 15 gm. of iron treated ration. To 250 mg. 
of wheat germ in a small mortar was added the measured quantity of ether 
extract. This was placed before a fan until all the ether was dissipated. 
The resulting mixture of fats and wheat germ was offered daily to mated 
females receiving the iron treated ration. Some difficulty was encountered 
in getting the females to consume this addition but by removing the other 
food for a short time and in some few cases by mixing in a small amount 
of the dry ration, consumption was secured. The results, also presented in 
Table III, show that three females resorbed. 

These findings indicated to us rather convincingly that one of the effects 
of the iron treatment on the stock ration was the production of an ether 
soluble substance which prevented the vitamin E of the stock ration or of 
the wheat germ from acting. 

THE EFFECTS OF THE “‘ ANTIVITAMIN”’ ON THE VITAMIN E RESERVES 

OF THE ANIMAL 

The results from the experiment described above, in which the dried 

residue from the ether extraction was fed to sterile females, were subject 
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to more than one interpretation. The fertility observed in two of the fe- 
males might have been due to small amounts of vitamin E remaining in the 
extracted ration, or it might have been due to greater reserves in the ani- 
mals’ bodies, these reserves being unable to act in the presence of the anti- 
vitamin. To gain further knowledge of the effect of the antivitamin on the 
vitamin E stores of the body, we devised the following experiment. 

A group of seven young females were placed at weaning on the stock ra- 
tion to which had been added 5 per cent of wheat germ oil. They were al- 
lowed to remain on this high vitamin E diet for two weeks, so that their 
bodily stores might be increased. They were then fed the iron treated ra- 
tion. After 8 weeks on the latter ration, a vigorous male was placed in 
their cage and daily vaginal smears were started. In the course of about 
a month all of the females mated and completed a gestation. All showed 
typical resorptions. Following this they were changed to a basal ration* 
and allowed to continue their reproductive performance for several gesta- 
tions. In the second gestation all the females, except one, resorbed again. 
One female bore a litter of 4 young, one of which was dead. In the third 
gestation five of the seven females produced young and living litters were 
born to some females even in the fourth gestation. In the fifth gestation 
all the females that became pregnant showed resorption. We present in 
Table IV these results. 

In another group of seven females this same performance was observed. 
These females received the iron treated ration for a period of 9 weeks after 
weaning and were then changed to the basal ration. After about 4 weeks 
on this basal ration, a male was placed in their cage and daily vaginal 
smears were made on the females. They, too, were permitted to go through 
several gestations with no change in diet. Their records are shown in Table 
IV (Nos. 1305 to 1311). There it may be seen that three of them resorbed 
in the first gestation but that two of these three produced living young in 
the second gestation before going on to resorb in the third gestation per- 
formance. 



































* The basal ration had the following composition: 
Casein (alcohol extracted and heated)..............000ceeeeeeceees 18 
EN 5556 6469 ELON Ves cee Ve VK RNG ESevessavesxaves 







This diet contains no known source of vitamin E. We have also shown it to be unable to 
support fertility by rearing young female rats to maturity and having them resorb during either 
the first or second gestation. 
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These results, we considered, were of extreme significance. They clearly 
indicated that the antivitamin of the iron treated ration effectively in- 
hibited the action of the vitamin E of the body. That these bodily reserves 
were high, especially in the first group, was shown by the later fertility, 
even after subsisting for some time on a basal diet known to be low in vita- 
min E. The results with the second group were entirely similar, except 
that their reserves were not so high, since they did not have the high vita- 
min E diet at the beginning. Whether or not the iron treatment destroyed 
the vitamin E of the ration, it apparently did not destroy the vitamin E 
reserves of the animal. 

These results also indicated that the antivitamin was either stored in the 
body for some time or so affected the reproductive mechanism that it could 
not respond immediately after the removal of the antivitamin. This inter- 
pretation was supported by the fact that in the first of the above groups, 
nearly all of the females resorbed in the first succeeding gestation after be- 
ing changed to the basal diet. Two of the females of the second group re- 
sorbed in the first gestation even when they had been on the basal diet for 
more than 4 weeks. As stated before, these two females subsequently pro- 
duced living young. 

In addition to the above considerations, it was apparent that resorption 
could not longer be considered proof of the depletion of vitamin E stores 
in the animal body. 

DISCUSSION 


In this paper we have presented further data on the sterility-producing 
properties of a stock ration treated with an ether solution of ferric chloride. 
We have shown that males as well as females become sterile when confined 
for a sufficient length of time on such a ration and that such male sterility 
is absolute. Wheat germ oil conferred protection, at least to the extent of 
preventing any testicular degeneration, which was histologically demon- 
strable. The lack of fertility in the mating records of the group that re- 
ceived wheat germ oil we can explain only on the assumption that incipient 
sterility, such as Evans and Burr (2) describe in their stage A, resulted be- 
cause of the rather impotent oil that we used. So far as our studies go, 
the male sterility which we observed was similar to that occurring on low 
E diets. 

In further observations made on many females raised to maturity on 
this diet, we have found that sterility was always present and that no in- 
itial fertility was possible. This female sterility, we have been able to show, 
is due, in part at least, to the production of some substance (or substances) 
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that effectively prevents the action of vitamin E. For lack of a better name 
we have followed Evans and Burr’s suggestion in calling it an “antivita- 
min.”’ This material may be extracted from the ration by means of ether 
and can be used to counteract the vitamin E of other substances. 

The question has arisen in our minds as to whether the iron brings about 
destruction of E in the ration as well as the production of the antivitamin. 
Thus, for example, does the iron treatment when applied to wheat germ 
destroy the E known to be present as well as build up the antivitamin? 
This question we are at the moment unable to answer. 

The production of such a high concentration of the antivitamin in the 
iron treated ration makes one wonder if this substance is entirely absent 
from synthetic rations. Synthetic rations contain iron salts as part of their 
salt mixtures, and fats in some concentration are nearly always present. 
Our results with the iron treated rations, in which the iron was added to 
a part of the diet by means of ether or water solution, and in which the 
whole ration was treated with watery ferric chloride, suggest that to ob- 
tain the greatest production of the antivitamin, intimate contact between 
iron and lipoid material is necessary. It is probable that in basal rations 
as they are ordinarily mixed, such intimate contact does not take place, 
and that the antivitamin effect is of small moment. However, the possi- 
bility of such an effect taking place under conditions which we have de- 
scribed should not be overlooked. 

It has been shown in the foregoing pages that the antivitamin does not 
apparently destroy the vitamin E of the body. It does, however, effectively 
prevent its action so that animals with large body stores of vitamin E show 
uniform sterility on the iron treated ration. It is of interest to note also 
that the antivitamin effect does not disappear immediately when animals 
are changed from the iron treated ration to a basal ration. Its effect has 
been noted for more than a month after the change in the diet. Whether 
this is due to a storage of the antivitamin in the tissues of the body or to 
some effect on the reproductive organs which prevents them from func- 
tioning normally, we cannot decide. It may be stated, however, that we 
have kept females on the iron treated diet for over a year and subsequently 
had them produce living young when changed to the untreated stock ra- 
tion. It appears, therefore, that no permanent injury to the organs of 
reproduction is wrought by long continuance on the iron treated ration. 

With regard to the effect of the iron treated ration on phases of the re- 
productive function, other than that involved in the death and resorption 
of fetuses, we cannot speak definitely. We have encountered poor ovula- 
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tory rhythm in many females raised on this diet. We have, however, also 
noted the same phenomenon on many females raised and maintained on 
basal rations. We have been unable to explain this on the basis of lack 
of vitamin B since both iron treated and basal rations contained what 
we considered to be ample amounts. Since Evans has emphasized the fact 
that in low E all other phases of the reproductive function are normal we 
are apparently denied the explanation that these disturbances are due to 
a lack of E in such a diet. Therefore, it may be that the presence of the 
antivitamin affects other parts of the female reproductive apparatus as 
well as its proved effect in interfering with the nutrition of the fetus. 


SUMMARY 


Additional experiments carried out on an iron treated stock ration have 
shown that this ration also produces sterility in male rats reared on it. 

In further work with female rats we have found that this ration induces 
100 per cent sterility. There is no first litter fertility. 

We have shown that the iron treatment brings about the formation of a 
substance which actively opposes vitamin E. This substance may be ex- 
tracted from the iron treated ration by ether. It has been shown that even 
in the presence of high storage reserves of vitamin E, females are unable to 
utilize these reserves in the presence of the antivitamin. After being 
changed to a basal ration, these storage reserves may become effective 
after 4 to 6 weeks. It has been suggested that the antivitamin is stored for 
that time in the tissues or else brings about some change in the reproduc- 
tive apparatus of the female that prevents it from nourishing implanted 
fetuses. 

The significance of these findings is briefly discussed. 


ADDENDUM 


Since the above manuscript was written, there have appeared several ex- 
cellent papers by Mattill and associates in which they have carried for- 
ward their earlier work, (Jour. Amer. Med. Assoc. LXXXIX, 1505, 1927), 
on the phenomenon of auto-oxidation of fats and its relation to the de- 
struction of Vitamins A and E. In arecent article (this Journal III, 421, 
1931) they have definitely correlated the susceptibility to oxidation of sev- 
eral fats and oils and the reproductive behavior of rats fed diets containing 
these fats. Their work shows that oxidation in the fatty constituents of the 
diet destroys vitamin E and that this oxidation is quite extensive in cer- 
tain common fats and oils. It follows, therefore, that the amount of vita- 
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min E in any diet is markedly influenced by the balance between anti- and 
pro-oxygenic substances. It is very probable that what we have termed 
anti-vitamin is pro-oxygenic in character. Regardless of what name is ap- 
plied, it is apparent that it has a profound effect not only in the ration, but 
also in the body of the rat. 
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HE intermediary reactions of the amino acids in animal metabolism 

have been investigated largely by means of a few simple methods, ap- 
parently susceptible to straight-forward interpretation. Among these 
methods may be mentioned, attempts to detect intermediary metabolites 
in the urine after flooding the tissues with the amino acid in question by 
administering excessive doses per os or parenterally; investigation of the 
fate in the body, mainly by examination of the urine, of suspected inter- 
mediary metabolites; investigation of the fate of amino acids and their de- 
rivatives when perfused through surviving organs, generally the liver; in 
vitro treatment of amino acids by mild oxidizing and reducing agents, or by 
intracellular enzymes obtained from tissue extraction; biochemical study 
of certain peculiar metabolic abnormalities involving disordered amino 
acid metabolism. As Dakin (1) has pointed out, however, the obvious 
interpretation of the results of these methods may not be the true one in 
so far as the elucidation of normal metabolism is concerned. In particular, 
“the behavior of a substance when gradually produced, at low concentra- 
tion and rapidly undergoing further change, may be very different from 
that of the same substance when rapidly injected in relatively high concen- 
tration into the tissues of an animal. Indeed, in the latter case it is always 
uncertain whether the substance ever really reaches the sphere of action in 
the cells normally concerned with its metabolism.” The dangers of draw- 
ing close analogies between chemical reactions produced in vitro and those 
occurring in the body are obvious, while “‘it is always difficult to decide 
how closely reactions observed under pathological or abnormal conditions 
resemble those occurring in the normal organism.” 

The current facts and theories concerning amino acid metabolism are 
based largely upon the results of these methods of study, and the divergent 
theories coexisting in the current literature of this chapter in biochemistry 
may often be traced to divergent interpretations of the same set of data,or 
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to an emphasis upon one set of data to the entire exclusion of another set 
possessing an apparently contradictory significance. 

The advent of a new method of attacking at least some of the same old 
problems is, therefore, a hopeful sign and offers some promise of being able 
to discriminate among the available data on amino acid metabolism be- 
tween those that relate to normal metabolism and those that relate only 
to the particular set of experimental conditions under which they were ob- 
tained. By this new method, rations deficient in some one amino acid in- 
dispensable for growth are supplemented with possible or probable meta- 
bolic derivatives of the amino acid in which they are lacking. If the ration 
thus supplemented will support a more rapid growth than originally, or if 
it will support growth when originally it would not, it is evident that the 
amino acid derivative producing this increased efficiency is serving the 
unique functions of the amino acid itself, probably by conversion into it. 
Hence if, from other considerations, it is a probable normal metabolite of 
the amino acid to which it is chemically related, the probability of this 
being true is appreciably increased. 

By this method, Cox and Rose (2) and Harrow and Sherwin (3) have 
shown that 4-imidazole lactic acid is apparently a complete substitute for 
histidine in metabolism. The latter investigators obtained evidence that 
4-imidazole pyruvic acid could also substitute for histidine. It may be in- 
ferred from these results that histidine may undergo either oxidative 
or hydrolytic deamination. Similarly Jackson (4) and Berg, Rose, and 
Marvel (5) proved that tryptophane-deficient diets would promote growth 
when supplemented with indole-pyruvic acid. 

Provided that the basal diet has been proven deficient in growth- 
promoting power, and that this deficiency has been related entirely to the 
amino acid in question, the significance of positive results obtained by this 
method is clear. However, the significance of negative results, in which 
supplements have failed to give evidence of improving the growth-promot- 
ing value of the basal diets, cannot be so definitely assessed. The supple- 
ment may depress the food intake of the experimental animals or be 
otherwise toxic to them, and yet be a normal metabolite and even under 
other conditions a successful substituent for the related amino acid. Ac- 
cording to Dakin (1) it is “perfectly possible for substances of high toxicity 
to be constantly produced and rapidly transformed into other bodies, so 
that the relative concentration of the toxic substance is always low.” Or 
the intake of food, both on the basal diet and on the supplemented diet, 
may be so low that a possible superiority of the supplemented diet cannot 
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be demonstrated except by an exact equalization of the intake of food of 
test and control animals, a refinement of the method that has not hitherto 
been attempted. The fact that Harrow and Sherwin obtained positive re- 
sults with imidazole-pyruvic acid, which had yielded only negative results 
for Cox and Rose, and that Jackson and Berg, Rose, and Marvel obtained 
positive results with indole-pyruvic acid, which had yielded only negative 
results for Heft and Sherwin (6) constitutes objective evidence of the in- 
conclusiveness of failures to obtain obvious responses to dietary supple- 
ments in this method of study. 

Even if these possible interpretations of negative responses to dietary 
supplements in the method under consideration could be disposed of, the 
inability of the amino acid derivative to evolve a positive response in in- 
creased growth is still of uncertain significance, since it may be due, either 
to the fact that the derivative is not producible in metabolism from the 
amino acid to which it is chemically related, or that it is produced nor- 
mally from the amino acid but by reactions which are all or in part irre- 
versible, either under all conditions, or under the particular experimental 
conditions chosen, including the other chemical constituents with which 
the amino acid derivative is fed. 

With respect to cystine, all attempts at substitution thus far recorded, 
except those involving dipeptides of cystine (7), have given negative re- 
sults. Westerman and Rose (8) were unable to secure evidence of a success- 
ful substitution for cystine of dithiodiglycollic acid, 8-dithiodipropionic 
acid, or a-dihydroxy-§-dithiodipropionic acid (9). The substitution of 
taurine for cystine in nutrition was apparently successful in experiments 
reported by M. L. Mitchell (10), but later attempts to confirm this work, 
reported by Beard (11), Lewis and Lewis (12), and Rose and Huddlestun 
(13) were unsuccessful. Lewis and Lewis obtained similar negative results 
with cysteinic acid. In another publication (14) Lewis and Lewis fed ele- 
mental sulfur to young rats receiving two types of cystine-deficient diets. 
In the words of the authors, “‘no evidence was obtained to suggest that 
sulfur can replace cystine or in any way alter the cystine requirements for 
growth in the young white rat.”” Although diglycyl-cystine and dialanyl- 
cystine are able, according to Lewis and Lewis (7), to promote growth 
when added to cystine-deficient diets, no indications were obtained that 
the dianhydride of dialanyl-cystine could successfully substitute for cyst- 
ine. 

Experimental evidence of the type discussed at the beginning of this ar- 
ticle furnishes support for the belief that the first step in the catabolism of 
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cystine is its reduction to cysteine, representing the conversion from a di- 
amino-dicarboxylic acid to a mercapto derivative of alanine. Lewis and 
McGinty (15), Lewis, Updegraff, and McGinty (16), and Rose, Shiple, 
and Sherwin (17) have shown that certain conjugated derivatives of cyst- 
ine are in part excreted in the urine as the corresponding derivatives of 
cysteine, while the latter investigators have also shown that a conjugated 
cysteine derivative, phenyluraminocysteine, when injected into rabbits, is 
in part excreted in the urine as the corresponding cystine derivative. This 
agrees with other evidence in indicating that cystine and cysteine, as well 
as some of their derivatives, are interconvertible in the body, the conver- 
sion reactions being reversible. 

In order to find out whether feeding experiments would confirm injection 
experiments in indicating a conversion of cysteine to cystine in metabolism 
the former was used as a supplement to a cystine-deficient diet in paired- 
feeding experiments with growing rats. Taurine was also tested in the 
same way, because the information on the value of this compound as a 
substituent of cystine in nutrition is divided. 





PLAN OF EXPERIMENT 


In both tests, the basal ration to which the supplements were added con- 
tained, as its main source of protein, dried skim milk powder to provide ap- 
proximately 8 per cent of protein. According to numerous tests in this 
laboratory, such a ration when properly supplemented in other respects 
than protein is capable of supporting a fairly rapid rate of growth, but its 
growth-promoting value will always be increased when it is supplemented 
with cystine (18). The basal ration contained 20.41 per cent of dried skim 
milk, 4 per cent of the Osborne and Mendel salt mixture, 10 per cent of 
clear butterfat, 10 per cent of sucrose, 4 per cent of a cellulose flour' to 
furnish roughage, 1 per cent each of common salt, dried yeast (North- 
western Yeast Co.) and cod liver oil, and 48.59 per cent of starch. In the 
cysteine ration, 0.41 per cent of cysteine hydrochloride replaced an equal 
amount of starch, and in the taurine ration 0.50 per cent of taurine re- 
placed an equal amount of starch. 

The cysteine hydrochloride and the taurine used were obtained from the 
Eastman Kodak Company. The former contained 8.93 per cent of nitrogen 
as compared with the theoretical content, 8.89 per cent. The taurine con- 
tained 11.01 per cent of nitrogen as compared with the theoretical content, 


 Cellu Flour, a product put out by the Chicago Dietetic Supply House, containing 37.8 per 
cent of crude fiber. 
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11.20 per cent. The cysteine hydrochloride was readily and completely 
soluble in cold water and in a saturated solution of sodium acetate. In the 
latter solution a heavy precipitate of cystine was produced by the addition 
of a drop or two of a dilute solution of hydrogen peroxide. It is evident 
that the cysteine hydrochloride was not contaminated with any appre- 
ciable traces of cystine. 

In each of the two tests 8 pairs of rats were used; the rats in each pair 
were of the same sex, generally of the same litter, and were approximately 
the same in initial weight. They were kept in individual, cylindrical wire 
cages with raised bottcms. In the cysteine test, one rat of each pair re- 
ceived the unsupplemented basal diet and the other rat the same diet with 
a small amount of cysteine included. The food intake of each pair of rats 
was kept the same, and was so regulated that one or the other rat was kept 
close to the limit of its appetite. The food given to each rat was weighed 
daily on a fine chemical balance, and the daily allowance was increased 
regularly until one rat of the pair refused some of its allowance. In this 
event the daily allowance for both rats in the pair was reduced until the 
rat responsible for the reduction cleaned out his food dish. The allowance 
was then increased. The refused food was always left in the food dish, ex- 
cept at the end of an experimental week, when it was removed, weighed, 
and thrown out. In order to assure equal intakes of food for each week of 
the experiment, so that the weekly gains of pair mates would be directly 
comparable, increases in food allowances were not made on the last day of 
each experimental week. The taurine test was conducted in a similar man- 
ner. 

Initial and final weights were the averages of three consecutive daily 
weights. Intermediate weights were also taken at the end of each experi- 
mental week. At the end of each test the rats were etherized and the body 
length, from anus to tip of nose, was measured, as an index of growth. 


EXPERIMENTAL RESULTS 


The cysteine experiment was continued for seven weeks with the results 
shown in Table I. In each of the 8 pairs of rats, the rat receiving cysteine 
made the greater total gain, and attained the greater body length. The av- 
erage difference in gain between pair mates is 18.1 grams favoring the cyst- 
eine rat. The standard deviation of the eight differences in total gain is 
6.52 grams, the average being 2.78 times the standard deviation. For eight 
paired differences, according to the probability table of “Student,” the 
odds are less than 1 in 10000 that chance alone would produce an average 
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result as great or greater than 2.78 times the standard deviation of the 
sample. The evidence may therefore be considered conclusive that cyst- 
eine will correct a cystine-deficient diet in the nutrition of growth. This 
means that it is convertible into cystine in the anabolic processes of growth. 
It may be inferred that this conversion takes place within the body rather 
than in the intestinal tract, since within the latter reducing rather than 
oxidizing conditions obtain. 

In Table I, a nutritive index has been calculated according to the sug- 
gestion of Cowgill and Drabkin (19), by dividing the cube root of the body 
weight (grams) by the body length (centimeters). The larger this index be- 
comes, the better the nutritive condition of the animal, as measured, for 
example, by its degree of fatness. In this experiment, the control rat pos- 
sessed the greater nutritive index in 5 pairs, the cysteine rat in one pair, 
while in one pair, the mates were equal in this respect. 


TABLE II 
A COMPARISON OF THE WEEKLY GAINS OF Parr MATES IN THE CYSTEINE EXPERIMENT 








Pair Pair Pair Pair Pair Pair Pair Pair Totals per week 
Week 1 2 3 + 5 6 7 8 + 





++i th it+ 
++t+t+4+4++ 
++++4+4++ 
+++e+ i+ 
++i ttt 


4 
+ 
7 
7 
5 
8 
8 
ota 


Totals per pair Totals for experiment 
4 


43 


nn 
Nw 


1 3 
1 0 


10 


coon 
oom 


1 1 


i) 





Note: A + sign indicates a greater weekly gain by the cysteine rat. 
A — sign indicates a greater weekly gain by the contro] rat. 
A + sign indicates equal weekly gains by pair mates. 


In Table II, a comparison of the weekly gains of the pair mates in this 
experiment is made. For each pair and each week a plus sign (+) indi- 
cates a greater gain for the cysteine rat, a minus sign (—) a greater gain by 
the control rat, and a plus-or-minus sign (+) an equal gain by pair mates. 
The superiority of the cysteine-containing ration was evident from the third 
week to the seventh. The break during the fifth week in the accumulation 
of evidence favoring the cysteine ration was due to the fact that at this 
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time the cysteine ration used, newly made up, was found to contain con- 
siderably less than 8 per cent of crude protein, apparently due to an error 
in weighing out the ingredients. A new ration was immediately made up. 
In the entire experiment, 43 of the weekly comparisons favored the cyst- 
eine rat, only 10 favored the control rat, and 3 favored neither. This evi- 
dence is also clear cut. 

The taurine experiment is typical of a negative outcome of a paired- 
feeding test, as the results in Table III clearly show. In only 2 of the 8 
pairs of rats was the total gain of the taurine rat greater than that of its 
control, while the reverse was true in 6 pairs. The average difference be- 
tween the total gains of pair mates was only 3 grams, favoring the control 
rat. It is so evident from inspection of the data that this difference pos- 
sesses no statistical significance, that no analysis of it will be attempted. 
In body length and nutritive index, also the pair mates are not to be dis- 
tinguished. 


Taste IV 
A CoMPARISON OF THE WEEKLY GAINS OF Park MATES IN THE TAURINE EXPERIMENT 











Pair Pair Pair Pair Pair Pair Pair Pair Totals per week 





Week 1 2 3 + 5 6 7 8 + tte = 
1 +- + + = + + + + S) 1 2 
2 oe + - = + + +t = 3 4 1 
3 = = = - - _ - - 0 8 0 
4 + + + - - + = - 3 3 2 
5 + - = + - - - + 3 5 0 
6 + + ~ - - - + - 3 5 0 
7 - + + + - + - + 3 3 2 

Totals per pair Totals for experiment 
+ 4 5 0 2 2 2 2 20 
- 3 2 4 5 5 3 3 29 
2 0 0 3 0 0 1 2 1 7 


. 





Note: A + sign indicates a greater gain by the taurine rat. 
A — sign indicates a greater gain by the control rat. 
A + sign indicates equal gains by pair mates. 
The comparison of the weekly gains of pair mates, as given in Table IV, 
is also clearly indicative of a negative outcome of the experiment. Of 56 
possible comparisons, 20 favored the taurine rat, 29 the control and 7 were 
inconclusive. 
As indicating the relative extent to which test and control rations would 
have been consumed if no restrictions had been placed upon food consump- 








H. H. MITCHELL 103 


May, 1931 






































LLY Slt Z0P ZO0b ISP Ish Loe L9¢ “sud ‘pooj [B}0], 
LLt’ 8LZ° Zz" PLZ 197" Ak 197° 992" xopul SAH UINN 
8°8T 0°61 Lut 6° LT 8°8T PST Lut z°st “sud ‘y}3ua] Apog [eUly 
$8 06 6s 4) 99 69 6S 9 “sui3 ‘ured [20], 
9S 8s zs +S 9S Ls oF 1S "su8 ‘yy 310m [eT 
bai ial It Sit 7 971 sot vit "suid ‘74SIOM [BUTT 
suLNney [o1}U072) suLNey joryU0_D ouuney Jos}U0-Z) suuNney Jor}a0ZD 
g ied Lara gareg gated 
67 OfF ver reP Ser Lev 60% 60% “sud ‘pooy [BIO], 
PLZ" Ak a 997" 8Lz° 787" €lz" 197° ZLz" xXopul PAHUINN 
0'8T £°SI 0°61 S’ST $*st 0°61 0°61 PST “sur ‘4y)3ua] Apog [euly 
89 €L 69 LL 78 6L SL Zl “sud ‘uted [830], 
zs os 09 6S 09 09 9S ¥S “sud ‘74 3Iom [erTUT 
0z1 €7ZI 671 9fT Aa! 6e1 TEI 971 "SUIS ‘yqSIoM [CULT 
suLney jos} u0R ouuNney [O2}U07,) ouuNney Jor}U0ZD suUNey joryu0D 
pared € 1reg Z ae Tareq 























ZOIVA ONILONOAJ-HLMOU SLI NO Lal] INAIMIAA(j-ANLLSAD) V OL LNAWAIddOAS ANTUNV], V 40 LOAAaY ANY, 
III 314v, 











104 CYSTEINE, TAURINE IN NUTRITION Vol. IV, No. 1 





tion, the number of times that test and control rats left food residues, thus 
causing a restriction in the amount of food offered to the pair, is significant. 
In the cysteine experiment, the control rats refused food 53 times and the 
cysteine rats 33 times. In the taurine experiment, the control rats refused 
food 42 times to 59 times for the taurine rats. It appears from these figures 
that the cysteine-supplemented diet was consumed somewhat more readily 
than the control diet, but on statistical grounds it may be doubted whether 
this is anything more than a fortuitous outcome.? In the taurine experiment 
it is even more evident that the taurine supplement did not significantly 
affect the avidity with which the basal cystine-deficient diet was consumed. 


CONCLUSIONS 


Cysteine added to a cystine-deficient diet will improve its growth-pro- 
moting value in animal nutrition. It is therefore convertible into cystine 
in anabolism. 

No evidence was obtained indicating that taurine possesses this prop- 


erty. 
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? In 86 refusals, the ideal outcome, if chance alone determined it, would be 43 favoring either 
control or cysteine rats. The actual outcome deviated from the ideal by 10 in each direction. 
The standard deviation of chance events of this type is equal to +/0.5 X0.5X86=4.6. The devia- 
tion from the ideal outcome is thus only slightly more than twice the standard deviation and 
might therefore have been due entirely to fortuitous factors. 
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INTRODUCTION 


T IS generally recognized that a freely chosen American diet may not 

furnish adequate amounts of calcium and phosphorus, although it may 
give ample protein and fuel value. Milk is a good source of both calcium 
and phosphorus. Some studies have involved a comparison of calcium and 
phosphorus assimilation from various forms of milk available for animal 
and human nutrition. In no experiment has ice cream supplied most of the 
calcium and phosphorus required, although ice cream which is manufac- 
tured from milk and its by-products is used to such an extent that it is 
thought of as a typical American food. Much attention has recently been 
given to the influence of ultra-violet light upon calcium and phosphorus 
metabolism. Experiments here described were planned to study the com- 
parative values of ice cream and raw milk as sources of calcium and phos- 
phorus, using an acid-forming diet, as the American dietary tends to be 
acid-forming on account of the wide use of cereal and meat products. The 
subjects were normal adults, half of them receiving ultra-violet irradia- 
tions during the experiment. 

HISTORICAL 


There has been much discussion in the literature concerning the avail- 
ability of calcium and phosphorus from raw and heat-treated milks. This 
has been reviewed by Willard and Blunt (1), including the work of Wash- 
burn and Jones (2), Magee and Harvey (3), Daniels and Loughlin (4), and 
Daniels and Stearns (5). Kramer, Latzke and Shaw (6) also dealt with this 
problem. These investigations point to the superiority of raw, evaporated, 
condensed, and quickly boiled milks over pasteurized and dried milks. 


* Contribution No. 10, Department of Home Economics. 

t Acknowledgment is made to Professors }. B. Fitch and W. H. Martin and to Mr. W. J. 
Caulfield of the Department of Dairy Husbandry, this college, through whose kind cooperation 
suitable supplies of ice cream and milk were made available for the experiments. 
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Investigations have been conducted to study the relationships between 
ultra-violet light and the metabolism of calcium and phosphorus. Bethke, 
Steenbock and Nelson (7) and Hart, Steenbock and Elvehjem (8) found 
that ultra-violet light influenced the storage of calcium and phosphorus 
and the equilibrium of these elements in the blood of growing and of ma- 
ture animals. Very few experiments have been conducted with normal 
human subjects. Hart, Tourtellotte and Heyl (9) found that an adult 
male on a calcium-deficient, acid-producing diet showed no special tend- 
ency to retain calcium or phosphorus when irradiated daily for 20 days. 
On the other hand, Burton (10) found high calcium and phosphorus reten- 
tion for boys who received some ultra-violet irradiation while on a diet 
high in these minerals. 

Blunt and Cowan (11) have reviewed most thoroughly the literature 
dealing with ultra-violet light in nutrition as well as the effects of the acid- 
base balance of the diet upon mineral metabolism. Finding the work on 
this latter problem full of contradictions, they cited particularly the work 
of Shohl (12, 13) which indicated that when no sudden shifts in acid-base 
balance took place the neutral diet promoted best calcium and phosphorus 
utilization for rats and apparently for normal children. 





EXPERIMENTAL 


The subjects of this investigation were 10 normal college women, five 
graduate students, and five under-graduates. None of the subjects had 
been taking cod liver oil previous to the experiment, and no one of them 
had been treated with ultra-violet light. Ordinarily the subjects had been 
spending little time out of doors, and during the experimental period this 
was particularly true. Five of the subjects were irradiated daily for a 
period of five minutes at a distance of 30 inches from the arc. The source 
of ultra-violet light was a quartz mercury vapour uviarc treater lamp,' 
operated at 110 volts on alternating current. The amount of irradiation 
given was considered suitable for the purpose and quite safe for the sub- 
jects, none of whom reported burning although there were mild effects 
upon the skin. 

The experimental period of 18 days, begun the middle of October, was 
divided into six three-day periods. Two of these periods did not involve 
the collection of urine and feces as they were used for the subjects to be- 
come adjusted to their diets. The periods were as follows: 





1 Type R. T. Sp. 100, manufactured by the Cooper-Hewitt Electrical Company. 
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Period I Preliminary; raw milk Period IV Preliminary; ice cream 

Period II Raw milk Period V_ Ice cream 

Period III Raw milk Period VI Ice cream 

The diet for this study was acid-forming which, according to the litera- 
ture, might be expected to influence the assimilation of calcium and phos- 
phorus. All subjects were provided with a uniform amount of protein, 
fat, calcium, phosphorus, and sodium chloride. The caloric value of the 
diet was varied for the different subjects by means of cornstarch and sugar, 
so that body weights remained practically constant throughout the experi- 
ment. The calcium and phosphorus contents of the diet were calculated to 
be close to the minimum requirements for equilibrium so that differences 
in utilization would be more apparent. As a comparison was to be made 
of the availability of the calcium from ice cream and from milk, these 
foods supplied a large percentage of the calcium in the diet. Foods were 
selected which could be purchased and kept in quantity, so that the basal 
diet for the periods might be kept as nearly constant as possible. 


TasBLe I 
FounpDATION Foop INTAKE In Grams Per PERIOD 

















Food Milk periods Ice cream periods 
ee, ae ee ee 780 om 
eee enue : ier _ 675 
ewes Pt Ents +e henner: rt re 330 330 
Seen CK Be Oe gs. ay 470 470 
0 rer eee Tee ee 240 240 
"STI OEOE EEE 150 150 
Oleomargarine....... a ok ett a 252 252 
Prunes... .. ef Se a ot ee 150 150 
Sodium chloride.............. eA 3 3 
IIE. ok ko tA cuit vs oo ep abe 1979 1979 
RE HE eae 58.2 55.3 





The foods selected for the fixed diet (Table I) were ground lean round 
of beef, white bread, polished white rice, raw apple, orange juice, prunes, 
and oleomargarine. The required amount of beef, purchased at the be- 
ginning of the experiment, was freed of all gristle and bone, ground, 
thoroughly mixed, and weighed into individual portions. These individual 
portions were wrapped in oiled paper and kept at a temperature below 
freezing so that they were perfectly preserved until used. Rice, prunes, 
apples, and oranges were purchased in quantities to meet the needs of the 
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entire experiment. The bread, made in a uniform way, was secured fresh 
for each period from a local bakery. 

The variables of the diet were ice cream and raw milk, each supplying 
approximately the same amount of calcium to the diet. The milk, ob- 
tained daily from the college dairy, was the product of several farm herds. 
Dairy products from this same source were used in the manufacture of the 
ice cream made according to current commercial practice. A large mix 
was made from butter, sweetened condensed skimmed milk, plain skimmed 
milk, sugar and gelatine, and contained 12.37 per cent fat, 10.62 per cent 
milk solids not fat, 15.00 per cent sugar,0.40 per cent gelatine and 38.39 per 
cent total solids. The mix was processed by pasteurizing at 145°F. for 30 
minutes, homogenized at 2500 pounds pressure, cooled at once to 40°F. and 
aged for 48 hours at 40°F. prior to freezing. 

The rice, stoned prunes, oleomargarine, white bread, and salt were 
weighed each time in amount to supply the period requirement. The 
orange juice, pared and cored apple, ice cream and milk were weighed 
daily. Each subject prepared her own meals in the unit kitchens of the 
home economics building. The milk was consumed at the noon meal and 
was not heated. The ice cream, on account of its bulk, had to be served at 
both the noon and evening meals. Only distilled water was used for drink- 
ing and cooking purposes. 

Aliquot parts of the milk were preserved daily with formaldehyde for 
analysis. A sample was taken from the ice cream mix for analysis, as the 
supply was uniform throughout the experiment. The rice was ground in a 
ball mill and analyzed separately. The food composite was composed of 
one-third the weight of the individual food intake of orange juice, white 
bread, stoned prunes, ground beef, and apple for all the periods. The 
residue from the oleomargarine was found to be negligible and was not an- 
alyzed. Great care was taken to insure uniform sampling of food. The 
composite was dried to constant weight at 80°C. in an electric oven, pul- 
verized, and stored in tightly covered containers. 

Careful collections of all feces and urine were made for Periods II, III, V, 
and VI, carmine being used to mark the feces of the different periods. The 
urine was measured, specific gravity was taken, and samples were saved 
for analyses. The urine was preserved with toluene. The feces were dried 
at a low temperature to a constant weight, weighed, pulverized and saved 
for analyses. 

Determinations of calcium in the food, feces, and urine were made by 
the McCrudden Method (14) from samples ashed in a muffle furnace. For 
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the phosphorus determinations the volumetric method given in the Official 
and Tentative Methods of Analysis by the Association of Official Agricul- 
tural Chemists (15) was used, magnesium nitrate being used in ashing. 
The dietary calculations for calories and protein and the preliminary 
estimations of calcium and phosphorus contents of the diet were made from 
the tables of Rose (16). The food intake per period and the acid-base 
balance of this food as estimated from the tables of Sherman and Gettler 
(17) and Forbes (18) are indicated in Table I and Table II. The diet was 
acid-forming to the extent of 42 cc. of normal acid per period, without the 
prunes, for which no figure was available. 
TABLE II 
Excess oF ActD-FORMING OR BASE-FORMING ELEMENTS IN THE Diet PER PERIOD 

















cc. of N acid or base per 
Grams of 100 grams Total Total 
Article of food food ce. cc. 
acid base acid base 
a ns ree 330 3.76 12.41 
er 470 7.10 33.37 
SE Roti aa ace dies « 240 13.91 33.38 
Raw milk........ 780 2.37 18.49 
Orange juice.......... 150 5.61 8.42 
Oleomargarine........ 252 
Fuaets..... ee 150 
he yet A nie 180 8.10 14.58 
errr ee 675 
Total. . = 81.33 39.32 

















Note: The basicity of the ice cream was considered equivalent to that of the raw milk. Prunes 
also contribute to the acid-forming effect of the diet. 


EXPERIMENTAL RESULTS 


Table III gives the calcium and phosphorus content of the diet per 
period, as determined from analyses of all foods. The caicium and phos- 
phorus contents of the raw milk and the ice cream and also the per cents of 
total calcium in the diet contributed by the latter two foods are given. The 
raw milk and ice cream furnished more than three-fourths of the calcium. 
The compositions of milk and ice cream are such that they necessarily 
furnished smaller proportions of the phosphorus, amounting to a little more 
than one-third of the total. 

The figures for total intakes, output in feces and urine and the balances 
for calcium and phosphorus are given in Table IV. For comparison, bal- 
ances were calculated for each period in grams per kilogram of body weight. 
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It is clear that the total intake of calcium was kept near the minimum re- 
quired for maintenance in adults, as had been planned, so that differences 
might be evident. 

For three of the irradiated and four of the non-irradiated subjects, the 
calcium balances for the ice cream periods were higher than for the fresh 
milk periods. Three subjects of each group showed better phosphorus bal- 
ances for the ice cream periods. 

Though well aware that averages from a small number of cases are not 
conclusive, it seemed of interest to compare the average calcium and phos- 
phorus balances in grams per kilo per period, as follows: 











CaLcriuM PHOSPHORUS 











Ice Ice 














Milk cream Milk cream 
Irradiated subjects... ... —0.004 | —0.005 | Irradiated subjects. .... +0.011 | +0.012 
Non-irradiated subjects...| —0.003 | —0.001 | Non-irradiated subjects.} +0.018 | +0.018 














Each figure is the average for the five subjects in that group. For the non- 
irradiated subjects, the calcium of ice cream gave the more favorable bal- 
ance, while for irradiated subjects, the calcium of fresh milk seemed 
slightly better. The non-irradiated subjects showed calcium balances at 
least as favorable as those of the irradiated subjects. The non-irradiated 
subjects also showed somewhat better phosphorus balances than the ir- 
radiated subjects, but practically no differences appeared between the 
milk and ice cream periods. 

It is evident that the calcium from ice cream, containing condensed 
sweetened skim milk, was at least as well utilized as the calcium of raw 
milk, when furnished at a low level of calcium intake to normal adults on a 
diet somewhat acid-forming. More advantageous calcium utilization was 
not found in the group receiving ultra-violet irradiations, under conditions 
as described. As the compositions of milk and ice cream are such that they 
necessarily furnished smaller proportions of the total phosphorus in the 
diet, the results for phosphorus metabolism are less convincing although 
apparently similar to those for calcium. 


SUMMARY 


A metabolism study was made to compare the utilization by 10 normal 
adult subjects of the calcium and phosphorus in raw milk and ice cream. 
The diet was somewhat acid-forming as is common throughout this coun- 
try. Five of the subjects received ultra-violet irradiations daily. 
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No special advantages in the utilization of calcium and phosphorus 
seemed to be conferred upon those subjects who received ultra-violet ir- 
radiations, as described, throughout the 18 days of the experiment. 

Four of the non-irradiated and three of the irradiated subjects showed 
more favorable calcium balances when ice cream was the chief source of 
calcium. Normal adult subjects on an acid-forming diet utilized the cal- 
cium from ice cream made with condensed milk at least as well as the 
calcium of raw milk. In general the phosphorus balances followed the 
trend of the calcium balance figures. 
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VARIETY AND FREQUENCY OF VEGETABLES IN 
THE WEEKLY DIETARY 


MERICAN families eat more vegetables than they did ten years ago. 
The increased consumption is reflected in quantities shipped from the 
larger markets. For example, the consumption of three vegetables as in- 
dicated by shipments from eleven markets more than doubled in six years." 


1920 1926 
Cauliflower Crates 2,343,000 5,550,000 
Lettuce Crates 7,928,000 17,236,000 
Spinach Tons 49 600 119,200 


This change in the family diet together with the more marked attention of 
the past five years to the habits of the preschool child have affected his 
diet. 

Before he cuts his teeth the child is given specially prepared vegetables. 
The demand for pulped and strained vegetables has been great enough to 
bring many commercial products on the market. At what age the young 
child may have any or all vegetables from the family table is still an un- 
settled question. That between three and five years he is getting a wide 
variety is made evident through surveys of typical groups. (See Table I) 

The variety of vegetables and the frequency of serving them to pre- 
school children are brought out in Table I which presents data gathered by 
keeping daily records of the food of 42 children for periods varying from 
one to four weeks as shown in Table II. As indicated in Table II, none of 
the summer and early fall months when fresh vegetables are most plenti- 
ful was included. 


* This study was made possible through the co-operation of Professors Thomas Vance, Lulu 
Lancaster, and Lydia Swanson of the Department of Child Development. 
1 Figures from the U. S. Dept. Agr. Yearbook, 1926, p. 956. 
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AVERAGE NUMBER OF SERVINGS OF VEGETABLES PER CuaILD PER WEEK 


TABLE I 
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Group I I Ill IV V VI 
Asparagus _ 0 0 A 9 2.6 
Beans, snap 1.0 1.8 2.0 1.7 1.9 .6 
Beets. . . | .6 2 0 6 4 
Cabbage 6 1.3 a 1.0 1.6 7 
Carrots. . 1.6 2.4 1.4 3.0 2.3 oe 
Cauliflower. a 2 0 .0 “a a 
Celery. 9 1.2 -6 1.0 1.2 6 
Corn. a 5 0 od J 4 
Lettuce 2.0 3.2 4.9 1.5 3.3 2.5 
Onions .0 3 1 oa 4 yy 
Parsnips 2 0 .0 .0 1 0 
Peas. 1.4 2.1 1.6 1.2 2.1 4.2 
Spinach 8 1.0 1.8 1.3 1.3 1.0 
Squash a 1 0 .0 0 .0 
Sweet potatoes. 5 4 .0 .0 .0 .0 
Tomatoes 1.5 1.4 2.4 A2 2.4 2.4 
Turnips 3 0 0 a s .0 
Potatoes... . 6.1 6.9 7.4 6.7 ~_ _— 
Others and mixtures.. . 1. 9 1.1 3.0 9 ol 
Total excluding potatoes 13.1 17.4 16.2 16.0 19.9 16.4 

TABLE II 
Time OF SURVEYS AND CHILDREN INCLUDED 
Duration Children Age 
of 
Group* | Season survey Total Girls Average Min Max. 
wk. no. no. yr.-mo. | yr.-mo. yr.-mo. 
I Nov.-Dec. 4 6 2 4-5 -2 5-3 
II Nov.—Dec. + 7 3 3 8 2-11 4-8 
Ill Jan.—Feb. 1 13 7 4- 3-3 5-0 
IV Jan.-—Mar. 1 6 3 4-1 3- 8 4-8 
V Apr. 2 5 3 4-6 4-0 5-0 
VI Apr.-May 2 5 2 3-11 3- 8 42 


























* The children of Groups I and VI did not attend a nursery school. 


These children are receiving more than two servings of vegetables per 
day in addition to a serving of potatoes. Nine or more different vegetables 
are served per week to the average child without taking into account the 
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different ways of preparing them for the table. Lettuce, carrots, and to- 
matoes are most commonly used, with peas and snap beans next. 

In 1911 Griffith (3) advised that carrots, parsnips, squash, stewed to- 
matoes and turnips be given with extreme caution to children of three to 
six years. He advised avoidance of cabbage, cauliflower, raw celery and 
raw tomatoes. Most of them are common foods in the child’s diet now. 


NUTRITIVE VALUE OF VEGETABLES IN THE 
MIxepD Diet oF CHILDREN 


Because in many cases the servings of vegetables are very small, an 
individual dietary study of six nursery school children was carried out to 
determine what contribution vegetables make to the diet, especially in 
minerals. 

The children chosen seemed representative of a large group though they 
may have fared better than the average child. They were in good physical 
condition as indicated in Table III. Their mental ratings by the nursery 
school psychologist were above the average for their ages. The parents 
were high school or college graduates, the fathers professional or business 
men and the mothers interested in feeding their children according to the 
best standards they knew. 


























TaBLe III 
DESCRIPTION OF SUBJECTS 
Deviation 
Sex Age Height Weight from average* 
yr. mo. in. Ib. per cent 
Teddy Boy 3- 8 41.8 45.0 +18 
Buster Boy 3-10 39.0 34.0 —3 
Reed Boy 4-5 43.6 44.8 +4 
Bev. Ann Gir! 4-5 41.4 42.0 +11 
Persis Girl 4-6 41.5 38.2 0 
Cornelia Girl 4-8 44.1 41.2 0 





* Average weight as given by Woodbury. 


Samples for analysis. All foods eaten by each child during a week were 
weighed and duplicate samples were collected. Vegetables, including po- 
tatoes, as free as possible from butter, cream or thickening, were kept 
separately. Milk samples were preserved with formaldehyde and kept in a 
refrigerator. All other foods were dried. Composite thoroughly mixed 
samples representative of a week’s food for each child were secured for 
analysis. The water intakes for the week were measured. 


























118 VEGETABLES IN DIETS OF CHILDREN Vol. IV, No.1 





Quantities of foods. Vegetables including potatoes, composed a signifi- 
cant portion of the diet. By weight as served they constituted one-seventh 
of the total mass of food, milk for drinking three-sevenths, and all other 
foods three-sevenths. The maximum quantity of vegetables as consumed 
by one boy was nearly three times the minimum eaten by the oldest girl. 
Their variety is shown in Table I, Group IV. The vegetables contained on 
the average 91 per cent water; other foods aside from milk contained 67 
per cent water. 

That the energy values of the diets of these children approximate the 
average for their age (5) is indicated in the last column of Table IV. The 
quantities of milk as shown in Column 3 appear small but these volumes 
do not include that incorporated in foods. 
































TaBLe IV 
AVERAGE Foop ConsumPTION Per Curitp Per Day 
Beverages 
Vegetables | Servings of Total 
as served vegetables Milk Water energy** 
oz. no. cups* cups* Cal. 
Teddy 6.8 2.4 1.7 0.6 1454 
Buster 9.2 4.1 2.6 1.8 1577 
Reed 8.2 3.8 3.2 1.0 1704 
Beverly Ann 6.7 3.0 1.4 1.4 1429 
Persis 5.1 2.4 1.8 1.9 1272 
Cornelia 3.3 2.8 37 2.0 1235 
Average 6.5 3.1 2.3 1.5 1445 
* 237 cc. 


** Calculated on basis that 145 gm. milk yield 100 Cal. (8) and one gram of a dried mixed 
diet yields 5 Cal. (2). 


Methods of analysis. To determine the contribution of vegetables to the 
total minerals of the diet, all foods were analyzed as follows: for total ash 
by igniting samples in a muffle furnace at a temperature of about 400°C; 
for calcium by McCrudden’s method (7), titrating the oxalate against 
standard permanganate; for phosphorus by Neumann’s method (4), dis- 
solving the phosphomolybdate in alkali and back titrating with standard 
acid; for iron by Kennedy’s colorimetric method (6), extracting the sul- 
phocyanate in isoamyl alcohol. Analytical data on water as reported by 
the State Experiment Station were used. For the iron content of milk, an 
average composition figure as reported by Sherman (8) was used. 
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Vegetables as a source of minerals. That the vegetables were compara- 
tively high in minerals is shown by averaging the figures for the dried 
products for these six children (See Table V). The total solids of vegetables 
are higher in ash and in some individual minerals than is the dried product 
from the mixture of other solid foods in the child’s diet. A liberal mineral 
intake may be secured by a liberal use of vegetables. 











TABLE V 
AVERAGE PERCENTAGE CoMPOSITION OF DriEp Foops 
Dried vegetables Other foods, dried 
Is ily §-60 06040004500 7.51 2.93 
EE ee rey 0.21 0.16 
SS cacvcwdstansdewand 0.30 0.23 
a di aa li a da aad 0.0073 0.0053 











From the total food intake for the week and the percentage composition 
of the foods the average daily mineral intake of each child was calculated 
and is shown in Table VI. With the exception of the child who drank less 
than one and one-half cups of milk per day, the diets of these children were 
adequate in minerals according to commonly accepted standards. 














TABLE VI 
AveraGE Darmy Mrnerat INTAKE Per CaItp 
Total ash Calcium Phosphorus Iron 
gr. gr. gr. mg. 
Teddy 9.50 0.98 1.00 13.3 
Buster 10.58 1.20 1.26 14.3 
Reed 11.83 1.47 1.48 13.8 
Bev. Ann 7.74 0.85 0.86 13.1 
Persis 8.82 0.91 0.98 16.9* 
Cornelia 9.83 1.20 1.08 8.5 
Average 9.72 1.10 1.13 13.3 














* Liver eaten on 3 days of week. 


The influence of milk on the total mineral intake is noticeable when the 
average percentages of the total food nutrients contributed by the vege- 
tables in the diet are calculated and compared with those of milk (See 
Table VII). For calcium and phosphorus, the milk drunk is the principal 
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contributor and it furnished about four-tenths of the total minerals. The 
chief value of vegetables so far as these figures show lies in their compara- 
tively high iron content. They furnished more than one-sixth of the total 











Taste VII 
AVERAGE CONTRIBUTION OF Foops TO THE MINERAL INTAKE 



















Vegetables Milk Other foods 










































per cent per cent 





per cent 











Ash 3.3 42.1 54.7 
Calcium 5.6 65.4 26.1 
Phosphorus 8.3 $2.2 39.5 
Iron 17.3 9.8 72.4 








iron intake. Just as the diet of the child receiving little milk was low in 
calcium and phosphorus, just so the diet of the child who ate only half as 
much vegetables as the average was far the lowest in iron. Hence, it is im- 
portant that vegetables be used to a great extent in diets like those of the 
preschool child, which usually contain much milk. 

Reasons for liberal use of vegetables. Besides contributing much iron and 
some other minerals, the vegetables furnished approximately 10 per cent 
of the total energy for these children and acted as a vehicle for butter and 
cream. The texture of the diet and its vitamin content, especially that of 
the antiscorbutic vitamin, are probably determined to a large extent by 
the vegetables. 

But for another reason the vegetable content of the diet is important. 
As the child grows older, the quantity of milk in the diet remains station- 
ary or even decreases while the consumption of other foods increases to 
meet the growing energy need. Among these foods the proportion of those 
rich in minerals and vitamins needs to be increased if the quantities neces- 
sary for growth and regulation of body processes are to be maintained. 
Perhaps nothing helps more in developing a liking for a particular food 
than does its early introduction into the diet. An appetite for a variety of 
vegetables may be developed during the preschool years, a transition 
period following infancy. 


APPETITE OF PRESCHOOL CHILDREN FOR VEGETABLES 


Much attention has been given during the past few years to the appetite 
of children because of many reports showing the prevalence of anorexia. 
Aldrich thinks that this lack of appetite is a late development for he says 
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(1) that the general practitioner of thirty years ago would be incredulous 
were he told that the biggest feeding problem today is to get the child to 
eat the foods he should. Physiological, hygienic or psychological factors 
may explain lack of appetite. Sometimes the influencing factor is dietary. 
We know little about the reasons for children reacting favorably to some 
foods and at the same time refusing to eat others equally desirable from 
the viewpoint of the adult. Several observers have said that vegetables are 
the least liked of all foods by children. 

To get definite evidence of the attitude of young children toward vege- 
tables, the nursery school at the noon hour presents the best opportunity 
because many children can be observed at the same time and under the 
same conditions. 

Comparison of nursery school children and other preschool children. That 
the reactions of the nursery school children are representative of preschool 
children is supported by comparison of the ten children composing groups V 
and VI of our survey (p. 116.) They were observed at all their meals for two 
weeks; after the first meal the mothers recorded on mimeographed forms 
the responses of the children to vegetables as indicated by reactions to be 
designated later (p. 123). Comparison is made only between attitudes to- 
ward vegetables eaten at home. The nursery school children had a total of 
145 servings of vegetables at home, the other group 164. In each group 
there was a definite liking for a vegetable manifested toward 77 per cent of 
the servings. The nursery school children liked 98 per cent of the raw 
vegetables served, the other group 85 per cent. The former group disliked 
a somewhat greater percentage of all the vegetables (10 versus 4 per cent) 
but there were included two children who refused to eat at home some 
vegetables they ate at school; one child announced that his mother’s vege- 
tables were black and those at school white. The order of eating vegetables 
among foods served was the same. The cooked products were not stand- 
ardized and the judgments of mothers on the attitudes of their own chil- 
dren might be biased. However, this was no more likely to be true in one 
group than in the other. On the whole the two groups were very much 
alike in their responses. 

For the main part of the appetite experiment, two workers observed six 
groups of nursery school children at their noon meal for periods five weeks 
long. The 55 children observed varied in age from 1 year 11 months to 4 
years 10 months. Among these children it was an exceptional occurrence 
for a child not to appear to want to eat its lunch. 

Of course conclusions reached after observing a small number of children 
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in a single community are tentative and can be regarded only as prelimin- 
ary. Our results are recorded here in the hope that others may be interested 
in this aspect of nutrition. Though we may know just what foods should 
make up a child’s diet, whether he eats certain ones in sufficient quantity 
appears to depend very much upon his attitude toward them. 

Method of determining desire of average child. For the first two groups of 
15 and 13 children, records were kept of all remarks concerning vegetables, 
of the order of eating vegetables relative to other foods served and also 
of the apparent desires of each child for the vegetables and for the meals 
as shown by his manner in eating them. To have a method of designating 
differences in desire for a food by various children and for various foods by 
a single child numbers were used as follows: 1 for great desire; 2 for a liking, 
3 for indifference; 4 for a dislike; 5 for great repugnance. The same system 
was used to record the degree of apparent appetite of each child for his 
meal. It was thus possible to secure averages. An element of personal 
judgment enters in but two observers agreed well on any cases that were 
compared. 

Two other groups of children were served, during their five-week period, 
twelve vegetables which were wholly new to them. So far as possible the 
methods of preparation of the vegetables were standardized. The service 
was regulated by giving very small portions and increasing them somewhat 
after the vegetable had been served twice. The position of the new vege- 
table on the plate was controlled by putting it at the child’s left with the 
sandwich on the far side of the plate and the meat or egg near him. Records 
were kept of order of tasting and finishing the vegetable, of verbal re- 
marks and of facial expressions that were inspired by vegetables. Remarks 
and facial expressions were classified into three types: interest or curiosity 
as ‘‘ What is this?’’; definite favor as“ I like this” or “ This is good” ; definite 
displeasure as “‘ This is nasty” or “‘I don’t like this.” No attempt was made 
to grade intensity of response by a child. Using the number of interest, 
favorable and unfavorable responses the vegetables were ranked and a 
total score for each secured; the procedure was repeated with facial ex- 
pression indications. 

Appetite as shown by manner of eating. The attitudes of the first group 
toward creamed turnips and toward a mixture of spinach and chard were 
indicated by an average figure 3 for each; they were eaten as a matter of 
course. Toward the other 11 common vegetables served a total of 22 ways 
there was noticeable desire. In general, the appetite of the second group 
for vegetables checked that of the first; they were not served creamed tur- 
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nips nor the spinach-chard mixture but their attitude towards creamed 
onions is shown by an average between 2.5 and 3.0, close to indifference. 
Except for cooked, strong-juiced ones, these 28 children liked common 
vegetables. 

Appetite for vegetables as shown by remarks. While new vegetables were 
served 56 remarks of definite favor and 55 unfavorable remarks were over- 
heard showing neither a great liking nor dislike for new vegetables. There 
were 228 verbal interest remarks made. Among these were 36 comparisons 
of the forms of the vegetables to familiar objects, as when broccoli flowerets 
were served, “My oak tree is all gone” or about French endive, “Is this 
celery?”’ Such remarks show interest among children in the appearance of 
their food. There were 10 interest remarks comparing the flavor of the 
vegetable to that of a familiar one. Among the vegetables fed both groups 
the final scores were not very different. Brussels sprouts and raw kohl- 
rabi were liked best. No single property of a vegetable marked it for favor 
unless it were interesting in form or resemblance to some familiar object. 

Appetite as shown by order of eating vegetables. Almost invariably the 
children ate their foods in rotation; in general when a food was tasted the 
whole serving was eaten before other foods were tasted. Cooked vegetables 
were usually eaten second or third with the bread and butter sandwich or 
the meat first. In the first group creamed turnips and in the second group 
creamed onions remained on the plate till last. In the groups fed unfamiliar 
vegetables, the order of tasting and finishing individual vegetables did not 
check in the two groups. Marked desire for a food seems to develop gradu- 
ally. 

A ppetite for raw vegetables. In observation of the group of 10 children in 
their homes and again of the first groups in the nursery school the greater 
desire of children for raw vegetables was manifest. Nine common vege- 
tables or vegetable mixtures were served raw to the first group and six to 
the second. Raw carrots and turnips cut in slender sticks were especially 
liked but cabbage shredded and served with dressing as a salad was re- 
ceived almost indifferently. After the first five-week period of feeding un- 
familiar vegetables, those which had been most favorably received were 
fed during a second five-week period, making variations in texture, and 
this procedure was repeated with another group of children. Texture varia- 
tions were made by serving the vegetable usually in four forms; raw sticks 
or large pieces, cooked sticks or large pieces, raw chopped and puréed 
cooked. Scoring variations in texture by tabulating verbal remarks 
showed no significant difference between the first three forms but the 
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puréed cooked were not eaten with relish. However, scoring by facial ex- 
pression, an objective method, or by order of tasting and finishing the 
vegetable, the raw in large pieces was far in the lead if one accepts the 
assumption that young children eat first what they like best. 

An experiment was carried out to test further this appetite of children 
for raw vegetables. During two five-week periods, two small groups, 
numbering seven and three children respectively, were allowed at three 
noon meals each week to choose between raw and cooked vegetables. In 
preparation of a vegetable, the edible portion was cut into uniform pieces, 
then half was crisped in ice water and the other half cooked until tender in 
just enough water to cover. Little plates with small bits of the raw and the 
cooked were placed on the table and the children were asked to taste both. 

After the large plate with the rest of the food on it was put before the 
child he was allowed to choose the vegetable wanted. Out of 68 choices the 
raw was taken 55 times. Raw cabbage was taken 14 out of 15 times, raw 
carrots 18 in 22 times, raw cauliflower 7 in 12 times, raw celery 4 in 6 times 
and raw turnips 12 in 13 times. Whether due to more pleasing flavor or to 
crispness, raw vegetables were much better liked than cooked ones whether 
they were served in the form of sticks, cubes, large irregular pieces or were 
shredded or ground. In general, if they were cut so that they were readily 
picked up in the fingers they were eaten first, otherwise second or third 
among the foods served. 

The principal objection to raw vegetables has been due to their fiber, 
a difficulty in masticating and an indication of indigestibility. The child 
seems to enjoy chewing crisp food. Perhaps we are passing through the 
period of caution with raw vegetables; many children are eating them with 
apparently great desire and without apparent harm, when care is taken to 
serve tender products only. 





SUMMARY 


Records of the food of 42 preschool children show that they are eating a 
little more than two servings of vegetables per day in addition to potatoes. 
The variety has increased during the past twenty years to include most of 
the common vegetables. 

An individual dietary study of six preschool children, with analysis of 
the food, showed that they receive 6 oz. of vegetables per day. This was 
one-seventh of the total weight of food as served and furnished about 10 
per cent of the total energy and 17 per cent of the total iron. The total 
solids of mixed vegetables are rich in minerals. 
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It is important with preschool children to develop an appetite for vege- 
tables so that an increasing quantity will be desired as the child grows. 
Feeding unfamiliar vegetables to 33 children certainly showed no refusal of 
new things introduced into the environment but rather the interest that 
young children have in new things and the strong appeal made by foods 
served in pieces of attractive shape. Repeated observations of 28 children 
showed that with the possible exception of strong-juiced vegetables, young 
children like vegetables to which they have become accustomed, especially 
if they are crisp in texture. 
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HE fact that an adequate quantity of vitamin B, old nomenclature, 

is in some way related to successful lactation has been observed for 
some time. Hartwell (1) in 1924 found that better milk production was 
possible in white rats if the amount of vitamin B in the diet was increased 
above the quantity necessary for growth. Guest, ef a/ (2) in 1926 using 
cereal grains in the diet of white rats obtained results to show that the 
amount of vitamin B necessary for normal lactation is greater than that 
required for normal growth and that the amount of vitamin B required for 
reproduction is not much greater than that required for normal growth. 
The investigations of Sure (3) in 1927 showed that the young of mothers 
depleted of vitamin B developed paralysis, muscle chills, and screaming, 
running fits and that the symptoms were relieved by the administration of 
yeast. Macy and coworkers (4) in 1927 found that three to five times more 
vitamin B is necessary for lactation than for growth. 

With the recognition of the two factors now believed to be a part of the 
original vitamin B, Evans and Burr (5) in 1927 reported that “the addi- 
tional yeast needed for lactation is solely due to its addition to the anti- 
neuritic vitamin B and not to the growth-promoting vitamin B of the diet.” 
Sure (6) in 1928 believed both factors to be necessary in added quantities 
for successful lactation. The present experiments have been carried on 
further to study the relative requirements of vitamins B and G for lacta- 
tion. The data obtained are indicative of the fact that while both vita- 
mins B and G must be present to obtain milk production, the lactation is 
usually more successful if vitamin G is fed in larger quantities than the 
amount which is given for growth. 


EXPERIMENTAL PROCEDURE 


Adult albino rats were used in these experiments. Each rat was placed 
in an individual, raised bottom cage. The food was placed in white por- 


* The preliminary work of this investigation was submitted by Dorothy L. Hussemann in 
partial fulfillment for the degree of Master of Science in Home Economics in the Graduate School 
of the University of Illinois, 1929. 
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celain jars with screw tops, having an opening one and one-half inches in 
diameter. Supplements to the main diet were given in small, glass, castor 
cups. A few days previous to the birth of the young, the animals were 
transferred from the small cages to specially constructed cages, used in 
these experiments (Figure 1). No bedding was used until all of the young 
were born and then the rat was given shredded tissue paper for her nest. 
The cages, trays and food cups were changed weekly and the water cups, 
castor cups and bedding were changed daily. All of the apparatus was 
washed and sterilized with steam before being used again. 





FiGureE 1. 

The type of cage used in these experiments during the pericd of lacta- 
tion. The animals were left in the small cages until just a few days before 
the young were born. At this time they were transferred to the large cage 
and allowed to remain there throughout the period of lactation. 


The rats were weighed every three days until the birth of the young and 
then during the period of lactation were weighed every day. The litters, 
also, were weighed each day. The animals were mated in small cages, one 
male being used for each female. They were allowed to remain together for 
four days, at which time the male was removed. During the first experi- 
ments it was assumed that the female was pregnant and on the same day 
that the separation from the male occurred, she was transferred to the test 
diet. In the later experiments the female remained on the test diet through- 
out a preliminary rest period of three weeks in addition to the period of 
pregnancy and lactation. Four days after the birth of the young the litter 
was reduced to six (Evans and Burr, 5). Success in lactation was judged by 
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the growth of the young and their general nutritive condition. The period 
of lactation was considered to be twenty-one days in length. 

The animals were allowed to eat ad libitum. The food intake was noted 
each time an animal was weighed or whenever a new supply of food was 
given. Distilled water was also given ad libitum. During the first experi- 
ments the female was placed on Diet A, called the “resting diet,” for at 
least two weeks before mating. This was dispensed with, however, during 
the later experiments and the animals were given the test diet throughout 
the entire period. In addition to the “resting diet” Diets B, C, D, E, F, G 
and H were tested. The composition of the diets is given in Table I. 

Observation will show the basal constituents of all of the diets to be the 
same, that is, they contain vitamin B-free casein' (except Diet A), dextrin 
or glucose,? Osborne-Mendel salt mixture, and various combinations of 
untreated and autoclaved yeast supplemented by cod-liver oil and wheat 
germ oil. The amount of casein in the diet was constant in all cases. It is 
approximately the same percentage as that used by Evans and Burr (5) in 
their studies on lactation. The amount of salt mixture incorporated into 
the diet is the same as that chosen by Chick and Roscoe (7) and Evans and 
Burr (5). Dextrin or glucose was a variable factor being increased or de- 
creased according to the amount of yeast used. The dextrin was prepared 
by mixing cornstarch with cold water and then adding hot water. The 
mixture was placed in an oven at one hundred sixty-two degrees centigrade 
and allowed to cook until the mass in the pan was clear and opalescent, 
more water being added, if necessary. When the starch paste was clear the 
heat was reduced to one hundred and seven degrees centigrade and the 
oven door was opened slightly. In this manner the wet mass was allowed to 
dry. After being dried, the dextrin was ground to a fine powder and it was 
then ready for use as a source of carbohydrate in the diet. Because of the 
uncertainty as to the vitamin content of the dextrin, and the fact that in 
some growth experiments in our laboratory (10) glucose was shown to be 
free of vitamins B and G, glucose was used as a source of carbohydrate in 
the latter experiments. It was also found easier to use, requiring no prepa- 
ration. Five drops of cod-liver oil were fed daily to each mature animal 
(Macy, 4). The wheat germ oil was made according to the cold acetone 
method of Sure (8). It was used to supply the vitamin E factor for which 
Evans and Burr (9) found the minimum protective dose to be 25 milli- 
grams. This is approximately equivalent to three drops, so the latter 
amount was fed each day. 


1 Harris Laboratories, Tuckahoe, New York. 
* Merck and Company, Rahway, New Jersey. 
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Taste I 
SHowmnc Composition oF “Restinc Drier” anp or Test Diets 











Restinc Diet 
Per cent 


First Experiments Later Experiments 
Per cent Per cent 
Casein (Vitamin B-free) 
Salt mixture* 
Untreated yeast abs oh 15 
Carbohydrates. . . 51 


Diet C 


Untreated yeast 
Autoclaved yeast 
Dextrin 


30 
4 
5 
5 
56 
30 


Casein (Vitamin B-free) 
Salt mixture* 


- on 


ae 


Casein (Vitamin B-free) 
Salt mixture* 
Untreated yeast 
Autoclaved yeast 
Carbohydrates 

Diet F 
Casein (vitamin B-free) 
Salt mixture* 


SRe8 fue 


Diet G+3 drops of tikitiki daily 
* Osborne and Mendel. 
In addition, in each case, five drops of cod-liver oil and three drops of wheat germ oil were given 
daily. 
Tikitiki,’ the dilute alcoholic extract of rice polishings, was used as a 
source of vitamin B. It has been shown by many workers to be potent in 


* Bureau of Science, Manilla, Philippine Islands. 
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this factor. There is some indication, however (10), that tikitiki also con- 
tains vitamin G. The amount used in these experiments was the same as 
that used by Evans and Burr (5). An attempt was made to destroy the 
vitamin G fraction of yeast by irradiation following the technique of Hogan 
and Hunter (11) and then to use this product as a source of vitamin B in 
the diet. By testing the irradiated yeast on growth-experiment animals, 
however, it was found that there was practically no discernible destruction 
of vitamin G. This was later confirmed by Kennedy and Palmer (12) who 
found that only a very small quantity of vitamin G is destroyed by irradia- 
tion. Hence, in the experiments untreated yeast,‘ or untreated yeast and 
tikitiki were used to supply vitamin B in the diet. The source of vitamin G 
used throughout the experiment was autoclaved yeast. This was prepared 
by placing dried yeast in uncovered glass petri dishes to a depth of one- 
half inch. The yeast was not moistened and without further treatment was 
put in the autoclave. Here it was heated at one hundred twenty degrees 
centigrade with fifteen pounds of pressure for five hours. Then it was re- 
moved from the autoclave, dried, and ground to a powder. Frequent tests 
on growth animals showed this yeast to be a potent source of vitamin G, 
free from vitamin B. 

During the first weeks of these experiments the yeast was given sepa- 
rately as a supplement to the diet. Such a procedure was unsuccessful as 
the animal often refused the yeast. The yeast was then incorporated into 
the diet in a definite percentage. Five per cent was the amount found by 
Evans and Burr (5) to be necessary for maintenance and growth and fifteen 
per cent was needed for lactation so these percentages were used in our 
control diets. In Diet B, however, the amount of yeast was raised to twenty 
per cent to test the effect of this higher level. The amounts and combina- 
tions in the other diets were chosen and set up arbitrarily. 


DISCUSSION OF RESULTS 


Reference to Table II shows that only three of the eight litters born to 
mothers whose diet included 15 per cent yeast for vitamins B and G and 
dextrin for carbohydrate were successfully nourished during the period of 
lactation. Evans and Burr (5) have reported that “‘only when 15 per cent 
yeast is added to Diet 232 that normality in mortality and weaning weight 
is approached.” Our results indicated that even more yeast might be 
necessary. In the later experiments, therefore, the yeast was increased to 


“ Northwestern Yeast Company, Chicago, Illinois. 
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Condition at the end of the 
experiment 


Rough and slightly 


oily 


Normal 


Abscess on mother’s 


neck 








Nice 


Fur not clean 





Average 


weight 
of young 


Gms. 





end of 





young at} young 


the begin-| at the 


lacta tion] lactation 


period | period 


ning of 








Source of vitamins B and G 


in the diet 


5 per cent untreated yeast and 


3 drops of tikitiki daily 

















20 per cent and only one of 
seven litters failed. This would 
indicate that yeast at higher 
levels than 15 per cent is even 
more conducive to successful 
lactation. Evans and Burr (5) 
further found that yeast at a 
level of five per cent in the diet 
did not furnish enough vitamin 
B for lactation but this quantity 
was sufficient to maintain an 
adult rat in good health. Only 
one rat in our experiments was 
fed a diet containing five per 
cent yeast. It was found that 
she successfully nursed a litter 
of six for twenty-one days. 
The weaning weights, however, 
were low. The fact that this rat 
wasable to successfully maintain 
the young may be due to a 
storage within her body of one 
or more factors from previous 
experimental work. Additions 
to the maintenance level of yeast 
of one or the other fractions of 
the vitamin B complex gave 
results indicating the relative 
importance of the two factors 
for successful lactation. 

As has been stated, auto- 
claved yeast was used as a 
source of vitamin G. In Diet 
C five per cent autoclaved yeast 
was added to five per cent un- 
treated yeast in the basal diet, 
the dextrin being decreased to 
this amount. Implantation oc- 
curred and the pregnancy was 
normal but when the young 
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were born very little if any milk was secreted and the young died within a 
week. Following the indication of so marked a deficiency in the diet, the 
amount of autoclaved yeast was doubled. At the level of 10 per cent auto- 
claved yeast and five per cent untreated yeast, two rats successfully nursed 
litters of six for twenty-one days but the weaning weights were low. A 
weight of 40 grams at the end of twenty-one days was the standard which 
had been adopted. A diet containing 15 per cent of autoclaved yeast with 
five per cent untreated yeast was then tested. The young obtained weighed 
from 16 to 38 grams at three weeks of age and were normal in appearance 
with the exception of one litter of two which showed a paralysis of the legs 
with subsequent recovery. On 15 per cent autoclaved yeast alone a success- 
ful litter was never born. At the normal time of parturition bleeding from 
the vagina occurred in the mother. An autopsy showed that the young had 
apparently developed normally at first but had become hemorrhagic. 

Evans and Burr (5) have reported that “the additional yeast needed for 
lactation is solely due to its addition to the antineuritic vitamin B of the 
diet, for when tikitiki is given to lactating mothers without increased yeast 
dosage, we can also produce normal lactation.”’ In the experiments here 
reported we have been able to repeat this work, four litters in six being 
successful on a diet which contained five per cent yeast and three drops of 
tikitiki. The weaning weights approached normal ranging from a weight of 
36 to 39 grams at twenty-one days of age. 

Hence, it would seem that if a source of either vitamin B or G is added to 
the maintenance level of yeast in the diet, more successful lactation occurs. 
The basal diets used for these animals were carefully controlled and tests 
showed these diets to be free of both vitamins B and G. That autoclaved 
yeast is a pure source of vitamin G we have shown in growth experiments. 
That tikitiki is a pure source of vitamin B has never been so definitely 
shown. Chart I demonstrates the results of growth experiments using 
tikitiki as the source of both vitamins B and G. It will be noted that al- 
most normal growth was obtained when the larger amounts of tikitiki were 
used. This indicates that some vitamin G is present in tikitiki. The results 
obtained with tikitiki, therefore, are doubtful as to interpretation. It may 
be either vitamin B or vitamin G or even both of these vitamins which are 
functioning. 

Chart IT shows the growth curves of the young and mothers of typical 
animals on Diets B, E, H and G. There is very little difference in the con- 
dition of the mother and the young whether the source of the B and G 
vitamins is untreated yeast to 20 per cent of the diet or five per cent un- 
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treated yeast and 15 per cent autoclaved yeast. It would appear possible, 
therefore, to obtain successful lactation without increasing the intake of 
vitamin B over the maintenance level provided sufficient vitamin G is 
given. The young of mothers whose diet included five per cent untreated 
yeast and 15 per cent autoclaved yeast were in better general nutritive 
condition than those of mothers whose diet included five per cent untreated 
yeast and three drops of tikitiki. 
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Cuart 1.—Growth curves of animals ona vitamin B- and G- free basal diet plus tikitiki. The 
almost normal growth of animals receiving 12 drops tikitiki daily as the sole source of vitamins B 
and G indicates the presence of appreciable amounts of vitamin G in tikitiki. 












Reference to Table III will show that in practically every case of suc- 
cessful lactation, there is a corresponding rise in food intake. All of the 
mothers who were able to suckle their young for twenty-one days ate com- 
parable amounts of food during the period. 










SUMMARY AND CONCLUSIONS 


In this paper experiments are recorded which were devised to study the 
relationship of each factor of the vitamin B complex to lactation. Albino 
rats were used as experimental animals. Untreated yeast at a level of five 
per cent of the diet was used as a source of the vitamin B complex. This is 
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known to furnish the maintenance level of these vitamins but is not suffi- 
cient for lactation. Either autoclaved yeast as a source of vitamin G 
or tikitiki as a source of vitamin B was given in added quantities and ob- 
servations were made as to the effects on lactation. 

Following this pracedure these conclusions may be drawn: 

1. In order to produce successful lactation in the rat, both vitamins B 
and G must be present in the diet. It may be that there is a definite 
quantitative relationship which exists between the two vitamins. 

2. Either vitamin B or G in quantities increased above and added to 


Taste III 


SHOWING THE Dret, Sources or VITAMINS B AND G IN THE Dret, AND Darty Foop INTAKE 
or Eacu Rat Berore AND DurING PREGNANCY AND Durinc LACTATION 





Source of vitamins B and G in 
the diet 


Av. Daily 
food con- 
sumption 
before 
pregnancy 
(gms.) 


Av. Daily 
food con- 
sumption 
during 
pregnancy 
(gms.) 


Av. Daily 
food con- 
sumption 
during 
lactation 


(gms.) 





G 5 per cent yeast 





B 15 per cent yeast 
(First ex- 
periments) 


Refused food 
6* 
7 . 





20 per cent yeast 





5 per cent untreated yeast 
and 
5 per cent autoclaved yeast 





5 per cent untreated yeast 
and 
10 per cent autoclaved yeast 
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TABLE III (continued) 








Av. daily Av. daily Av. daily 

food con- food con- food con- 

Source of vitamins B and G sumption sumption sumption 
the diet before during during 
pregnancy | pregnancy | lactation 
(gms.) (gms.) (gms.) 





E 5 per cent untreated yeast il 23 


(First ex- and 


periments)| 15 per cent autoclaved yeast 12 
12 27 





E 5 per cent untreated yeast Record lost 


(Later ex- and 
periments)| 15 per cent autoclaved yeast 





15 per cent autoclaved yeast 





1570 5 per cent untreated yeast 
and 

1568 3 drops of tikitiki daily 
1569 
1725 
1724 
1459 


* These mothers were unsuccessful in lactation. 




















the maintenance level of the vitamin B complex yields more successful 
lactation. In view of the fact that just as successful results followed the 
use of autoclaved yeast, a source of vitamin G free from vitamin B, as were 
obtained when tikitiki, a source of vitamin B containing also vitamin G, 
was used in addition to the maintenance level of yeast, it seems possible 
that the added vitamin G is the more important for successful lactation. 


LITERATURE CITED 


1. Hartwell, G. A., Vitamin B and Lactation. Lancet, 1924, V, II, 956. 
2. Guest, A. E., Nelson, V. E., Parke, R. B., and Freemer, E. I., Diet in Relation to Reproduc- 
tion and Rearing of Young. Amer. Jour. Physiol., 1926, LX XVI, 339. 

















140 VITAMIN B AND G IN LACTATION Vol. IV, No. 1 





10. 
11. 


12. 


. Sure, B., Vitamin Requirements of Nursing Young. Jour. Amer. Med. Assoc., 1927, LXXXIX, 


675. 


. Macy, I. G., Outhouse, J., Long, M. L., and Graham, A., Human Milk Studies. I. Technique 


Employed in Vitamin Studies. Jour. Biol. Chem., LXXTIII, 153; Ibid., 189. 


. Evans, H. M., and Burr, G. O., On the Amount of Vitamin B Required During Lactation. 


Jour. Biol. Chem., 1928, LXXVI, 263. 


. Sure, B., Dietary Requirements for Fertility and Lactation. Jour. Biol. Chem., 1928, LXXX, 


297. 


. Chick, H., and Roscoe, M. H., On the Composite Nature of the Water-Soluble B Vitamin. 


Biochem. Jour., 1927, XX1, 698. 


. Sure, B., Dietary Requirements for Reproduction. Jour. Biol. Chem., 1926, LXIX, 53. 
. Evans, H. M., and Burr, G. O. The Antisterility Vitamin, Fat Soluble E. The Memo?¥s of 


the University of California, VIII. 

Unpublished data. 

Hogan, A. C., and Hunter, J. E., The Plural Nature of Vitamin B. Jour. Biol. Chem., 1928, 
LXXVIII, 433. 

Kennedy, C., and Palmer, L. S., Heat and Ultra-violet Irradiation as a Means of Differenti- 
ating Vitamins B and Gin Yeast. Jour. Biol. Chem., 1929, LXXXTIII, 493. 

















Editorial Review 


A COMPARISON OF FEEDING STANDARDS FOR 
DAIRY COWS, WITH ESPECIAL REFERENCE 
TO ENERGY REQUIREMENTS* 


F supreme importance in relation to the nutrition of mankind is the 

efficient and economical feeding of the foster mother of the human 
family—a subject of unusual scientific interest and complication in that 
it involves the consideration of requirements for maintenance, gestation, 
and gain or loss of body substance, as well as for the production of milk of 
widely differing composition, nutritive cost and value. 

In view of the facts that dairy cattle are ordinarily fed under carefully 
controlled conditions, and that large parts of the rations employed in milk 
production consist of expensive commercial feeding stuffs, it is both prac- 
ticable and necessary to conduct the business in accord with the principles 
of science; and as a means to that end the knowledge of the physiology of 
nutrition, as it applies to this branch of animal production, has been sys- 
tematized and simplified, and expressed in convenient tabular form, for the 
guidance of the milk producer. 

The realization of the need for such aids to efficient milk production ante- 
dated the present understanding of the principles of nutrition by approxi- 
mately two generations. With the advance of knowledge in this field, 
therefore, the prevailing feeding standards have changed from time to 
time; and inasmuch as evolution in this relation is still in process, the re- 
cent course of development of these guides to feeding practice is of present 
concern. 

This paper considers the principles of derivation of the feeding stand- 
ards which have been most used, or have been most influential in the mold- 
ing of opinion. Inasmuch as the quantitative nutritive requirements of 
dairy cattle have not yet been definitely and finally established, the stand- 
ards are compared and discussed without critical judgment of their quan- 
titative correctness. 

The earliest recorded suggestions relating to the scientific feeding of 
dairy cows seem to have come from Haubner (1) in about 1840, but the 
first definite feeding standard for milch cows was formulated in 1858 by 


* The author, Max Kriss, is Associate Professor of Animal Nutrition, in the Institute of Ani- 
mal Nutrition, of the Pennsylvania State College.—Ep. 
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Grouven (2), and was expressed in terms of the crude protein, fat, and car- 
bohydrates of feeding stuffs as measured by chemical analysis. 


THE DIGESTIBLE NUTRIENT SYSTEM 


Wolff, in 1864 (3), took the next long step in advance by expressing 
nutritive requirements of farm animals in terms of digestible crude pro- 
tein, fat and carbohydrates; and the influence of this standard is still po- 
tent in the present day. Wolff’s standard was published annually, without 
fundamental change, in Mentzel and Von Lengerke’s Agricultural Calen- 
dar, until 1896. This standard was derived from the results of a large num- 
ber of experiments by different observers at different times. It was in- 
tended to meet the requirements of a good, average dairy cow. It did not 
distinguish, however, between the maintenance requirement and the pro- 
duction requirement, and did not make any allowance for variations in the 
milk yield. For these reasons Wolff’s standard was strongly criticized by 
Prof. Julius Kiihn (4) of the Halle Experiment Station. 

Kiihn proposed a feeding standard which was somewhat more flexible 
than Wolff’s since it made separate allowances for maintenance and for 
milk production, and took into consideration the quantity of milk pro- 
duced. Kiihn’s standard was intended not to obtain the maximum yield of 
milk possible, but the maximum economic yield, taking into account the 
relative prices of the concentrated feeding stuffs and of dairy products. In 
Kiihn’s standard the amide compounds were classified together with the 
digestible carbohydrates instead of with digestible protein. 

In 1897 Dr. C. Lehmann of the Berlin Agricultural High School modified 
Wolff’s feeding standard in such ways as to meet Kiihn’s major criticisms. 
The result, the Wolff-Lehmann standard, was published annually, until 
1906, in Mentzel and von Lengerke’s Agricultural Calendar, and was used 
throughout the educated world. In this standard the kinds and quantities 
of nutrients specified were varied in accord with the quantity of milk, on 
terms as satisfactory as provided by the knowledge of the times. 

In 1903 important advance was made by Haecker who as a result of 
many years of study at the Minnesota Station showed that the nutritive 
requirements of milk production vary not only with the quantity of milk 
but also with the quality, and especially with the fat content; and pub- 
lished a digestible nutrient standard (5) embracing this idea. 

In 1912 Savage (6) published a modification of Haecker’s standard, the 
principal change being an increase of about 20 per cent in protein require- 
ments. Savage expressed his standard in terms of digestible crude protein 
and total digestible nutrients. 
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Morrison’s (7) is the latest digestible nutrient standard, and is widely 
used. For details see the table on pages 158 and 159. The maintenance 
requirements are from Haecker. Two values are given for crude protein 
requirement for milk production—the lower being Haecker’s and the 
higher Savage’s; and two values are also given for total digestible nutri- 
ents, the higher being the average of Haecker’s and Savage’s values and 
the lower being the same reduced arbitrarily by 10 per cent. 


KELLNER’S STARCH EQUIVALENT SYSTEM 


As a result of energy balance studies by Voit and Pettenkofer (8), Rub- 
ner (9), Zuntz (10), Meissl and collaborators (11) and Kellner (12), 
which developed an understanding of the mutual replacement values of 
nutrients as sources of energy, it became clear that the digestible nutrients 
of feeding stuffs do not accurately represent their true nutritive values; 
and to Kellner is due the credit for the first practical application of this 
modern scientific knowledge, by means of a feeding standard for cattle pub- 
lished in 1905 (13). 

With mature oxen as experimental subjects Kellner determined the 
terms on which food protein, fat, and carbohydrate are converted into 
body fat; and with the useful residuum of energy from the metabolism of 
starch as a measure, he expressed the production values of feeding stuffs in 
terms of starch equivalents. 

In the development of these measures Kellner added starch, straw pulp, 
sugar, wheat gluten and oil to basal maintenance rations, and by relating 
the body gains of energy, caused by the addition of these materials, to the 
energy of the digestible portions of the same, he determined the following 
body-fat equivalents (14): 

1 Kgm. of digestible protein 2233 Cals., equivalent to 235 gms. body fat 
1 Kgm. digestible starch and crude fiber 236i * ” ° — > = 
1 Kgm. digestible cane sugar “ ° 188 * as 
1 Kgm. digestible fat ° © G48: 4.5.8.4 

Kellner chose the nutritive energy of 1 kgm. of starch as the unit of ref- 
erence in the expression of production values. On the assumption that 
starch is 100 per cent digestible, the production value of 1 kgm. of starch 
was considered equal to 248 grams of fat, or 2356 Cals., which may be con- 
sidered as the net energy value of starch for body increase. With this value 
of carbohydrates as a standard, or as unity, digestible protein has a starch 
value of 0.95,! (235+248) and digestible fat has a starch value varying 


1 Kellner gave the fraction as 0.94 and so it has been widely quoted. Actually this factor is 
0.9476, 
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from 1.91 to 2.41, depending on the source. The lower value for fat repre- 
sents the fat of roots and coarse fodders; the higher value represents the 
fat of oil seeds and oil cakes. The fat of grains and cereal by-products has 
an intermediate starch value of 2.12. 

After having thus established the “production values” of the digestible 
nutrients, when added in pure, finely-divided form, Kellner proceeded to 
test the applicability of the factors to ordinary feeding stuffs of cattle. 
This was done by respiration experiments carried out in exactly the same 
way as was done with the pure nutrients. A known quantity of the feeding 
stuff to be tested was added to a basal ration sufficient for maintenance; 
the digestibility of the added feeding stuff, as well as the quantities of pro- 
tien and fat produced, were determined by difference; and the total gain of 
energy was compared with that computed from the digestible nutrients 
by the use of previously determined factors. 

These comparisons showed that with oil meals the “production values” 
found by direct experimentation agreed closely with the values computed, 
by the use of the factors, from the quantities of protein, carbohydrate, 
and fat actually digested. Very different results, however, were obtained 
with hays and other roughages. With these feeding stuffs the calculated 
increase in fat did not agree with the observed, the latter being consider- 
ably smaller in all cases. Wheat straw showed a difference of 70-80 per 
cent, oat and barley straws and various varieties of hay showed differences 
of 30-40 per cent. Kellner accounted for this apparent deficit as resulting 
from increased work of mastication and digestion, and increased energy 
loss through fermentation, both being due to the high crude fiber contents 
of these feeds. He computed that 100 grams of crude fiber diminished the 
fat production by 14.3 grams, which was equivalent to 58 grams of starch. 
This correction was considered applicable to hays. For the chaff of various 
cereals Kellner estimated that the diminution was equivalent to only 29 
grams of starch. For green plants, containing 16 per cent or more of crude 
fiber, the same correction was considered necessary as for dry forage; and 
if the amount of crude fiber was only 4 per cent or less the correction was 
the same as for chaff, while between these limits a sliding scale was arbi- 
trarily used. These corrections, based on crude fiber, were applied only in 
the computation of the production values of roughages from their digest- 
ible nutrients. 

In the case of concentrated feeds, however, the crude fiber content was 
found not to be a satisfactory basis for measuring the differences between 
the observed production values and those computed from the digestible 
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nutrients by means of the starch equivalents, thus showing that the crude 
fiber was not the only factor accountable for this difference. In order to 
account for this discrepancy, therefore, Kellner determined, for a number 
of concentrates, the observed production value as a per cent of the com- 
puted, and considered this percentage as a correction which must be ap- 
plied to the value computed from the digestible nutrients in order to ob- 
tain the true production value. This correction was designated by Kellner 
as a “‘Wertigkeit,” or evaluating factor. Wheat bran, for example, was 
found to have a “ Wertigkeit” of 77.3 per cent. This means that the com- 
puted starch equivalent of wheat bran must be multiplied by 0.773 in 
order to obtain its true production value. 

According to Kellner’s system of computing the energy values of feeds 
it is therefore necessary to compute the starch equivalent from the digest- 
ible nutrients and then to correct these values by the employment of 
special evaluating factors characteristic of the type or class of feeding 
stuff. In case of roughages a minus correction is made, based on the total 
crude fiber content of the feed, while in the case of concentrates the per- 
centage correction may be plus or minus. Such percentage corrections 
were directly determined by Kellner for only a relatively small number 
(twelve) of concentrates. For the majority of feeding stuffs they were as- 
sumed. 

Kellner’s production values, therefore, are in a sense net energy values, 
but the method of computing them is highly conventional. 

As a basis for the utilization of these starch values in the formulation of 
a feeding standard for milk production Kellner (15) compared the econ- 
omy of utilization of feed energy for fattening and for milk production, and 
found that the latter is decidedly the more efficient function. Kellner’s 
results as recomputed by Armsby (16) show that the utilization of the 
metabolizable energy for milk production, for three cows, was 68.4 per cent, 
72.8 per cent, and 66.9 per cent, respectively, while the corresponding 
values for fattening were 48.0 per cent, 46.4 per cent, and 43.8 per cent. 
This finding was corroborated by later investigators, as will be brought 
out hereinafter. 

In these experiments Kellner obtained a good agreement between the 
computed starch values of the food available for milk production and the 
starch values computed from the milk constituents, on the basis of the 
assumption that milk protein and milk sugar are produced from the digest- 
ible protein and digestible carbohydrate, respectively, of the food, with- 
out any expenditure of energy, and that milk fat is produced from carbo- 
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hydrate at the same energy expense as is body fat. In accord with this as- 
sumption Kellner determined that 1 kgm. of milk fat has a starch value of 
3.9 kgm; that 1 kgm. of milk sugar has a starch value of 1.05 kgm; and 
that 1 kgm. of milk protein has a starch value of 0.94 kgm. 

On the basis of these factors, and on the assumption of an average com- 
position of milk of 3.2 per cent fat, 4.6 per cent lactose and 3.3 per cent 
protein, Kellner computed that for the production of each 10 kgm. of milk 
2.0 kgm. of starch values are required. He also estimated that for milk of a 
high fat content as much as 2.7 kgm. starch value may be required per 10 
kgm. of milk. 

Kellner estimated the maintenance requirement of the dairy cow on 
the basis of his results with oxen. For the latter he found that 2 kgm. of 
starch value represented the average daily maintenance requirement for 
500 kgm. of live weight. For cows he considered it necessary to allow 0.5 
kgm. additional starch value as a factor of safety, thus making in all 2.5 
kgm. of starch value per 500 kgm. live weight. 

Kellner expressed the protein requirement in terms of digestible true 
protein. His estimate for maintenance was 0.3 kgm. per 500 kgm. live 
weight, and for milk production 0.55—0.65 kgm. of digestible true protein 
per 10 kgm. of milk. 

Kellner utilized these conclusions in the formulation of his latest feeding 
standard for dairy cows, stating the requirements for maintenance and for 
milk production together, per 1000 kgm. live weight, as follows: 


Milk yield per day per 500 Starch value Digestible true 
kgm. live weight protein 
. kgm. kgm. 
7.8-8.3 .0-1. 
9.8-11.2 
11.8-13.9 
13.9-16.6 


It is apparent that in this standard of Kellner the allowances for milk 
production are on the basis of his estimates given above, viz. 2.0 to 2.7 
kgm. starch value and 0.55 to 0.65 kgm. digestible protein per 10 kgm. of 
milk. When these allowances for milk are deducted from the total allow- 
ances, the quantities left for maintenance are 5.8 kgm. starch value and 
0.5 to 0.7 kgm. digestible true protein per 1000 kgm. live weight. 

The protein quota is in accord with Kellner’s estimate as given above, 
viz. 0.3 kgm. per 500 kgm. live weight, but the starch value 5.8 kgm. per 
1000 kgm. live weight is appreciably above his estimate of 2.5 kgm. per 
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500 kgm. live weight, which already includes a factor of safety of 0.5 kgm. 
The basis for this difference is not revealed in Kellner’s writings. 
Inasmuch as in Kellner’s standard the requirements for maintenance 
and for milk production are stated together and no separate allowances are 
made for the different grades of milk, as to fat content, this standard is not 
readily usable for the computation of rations of individual animals. 


ArmsBy’s NET ENERGY SYSTEM 


Armsby (17), with the same fundamental conceptions as Kellner’s, first 
expressed all of the factors of the process of utilization of food by cattle in 
terms of calories, and developed the point of view which has become known 
as the net-energy system. In 1917 he (16) formulated a feeding standard 
for the milch cow expressed in terms of true protein and net energy. 

There is a close similarity between Armsby’s net-energy values and 
Kellner’s production values of feeding stuffs. Both were based on complete 
energy balances, but Armsby’s system is simpler and more direct, and less 
likely to be misunderstood, since he measured energy values in calories, 
while Kellner measured the same in terms of matter. 

According to Armsby the entire expenditure of energy due to the con- 
sumption of a feeding stuff is determined from a comparison of the heat 
production on a basal ration and the heat production on the same ration 
plus the feed under investigation. This is called the heat increment of the 
feed. The net energy of the feed is then obtained by subtracting the heat 
increment from the metabolizable energy, the latter representing the gross 
energy minus the energy of the feces, urine and methane. 

Roughages are found to contain relatively less net energy than do con- 
centrated feeds, not because they contain much crude fiber which causes 
much mechanical work, and not necessarily because their heat increment 
values are higher than in the case of concentrates, but because the heat 
increment value is subtracted from a much smaller amount of metaboliz- 
able energy. 

Since the direct determination of net-energy values of feeding stuffs is 
necessarily slow and expensive Armsby and Fries (18) developed, from 
respiration calorimetric experiments, the following factors for computing 
metabolizable energy from the digestible organic matter of feeds, these 
factors to be employed in deriving provisional net-energy values for tem- 


porary purposes: 


iin cen idee Lcculein tine tases 1.588 Therms per pound of digested organic matter. 
For grains and similar feeds 
With less than 5% digestible fat.......1.769 Therms per pound of digested organic matter. 
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With more than 5% digestible fat... .. 1.814 Therms per pound of digested organic matter. 
TT ree 1.996-2.177 Therms per pound of digested organic matter. 


In order to compute the net-energy value of a feeding stuff, according to 
Armsby, it is necessary to multiply the pounds of digestible organic matter 
by one of the factors given above and then to subtract the heat increment 
value of the particular feed, or of a similar feed. 

Armsby’s net-energy values apply, directly, to body increase. In order 
to be able to employ them in the expression of nutritive requirements for 
milk production, therefore, he made special provisions. 

From a consideration of experimental data of Kellner (15), of Jordan 
(19), of Haecker (5), and of Eckles (20), Armsby was convinced that the 
utilization of the food energy for milk production is considerably more 
efficient than for fattening; and in an attempt to explain this difference he 
considered it probable that ‘‘the conversion of digestible proteins into milk 
proteins, or of digestible carbohydrate into milk sugar, may involve a 
comparatively small expenditure of energy as compared with the synthesis 
of fat from carbohydrates or protein.” As a working hypothesis, therefore, 
he assumed that the digestible protein and carbohydrate of the feed may 
be converted into the corresponding compounds of milk without energy 
loss, and that the expenditure of energy in the production of milk fat from 
carbohydrates is the same as that observed by Kellner for the production 
of body fat. On the basis of this hypothesis, and Haecker’s analyses (5) 
of milk of various grades as to fat content, Armsby (16) computed the 
amount of net energy for fattening which would be required for the produc- 
tion of each of these qualities of milk. 

The values thus computed were increased by 5 per cent in recognition of 
the fact, shown by Eckles (21), that the digestibility of rations by well-fed 
cows is on an average about 5 per cent lower than as indicated by the aver- 
age digestion coefficients given by Henry and Morrison (22), on which the 
computations of net energy values were based. 

In formulating his feeding standard for the dairy cow Armsby stated 
separately the requirements for maintenance and the requirements for 
milk production. For energy maintenance he adopted as the standard 6.0 
Therms of net-energy for a 1000-lb. cow. This figure was derived from a 
number of respiration calorimetric experiments, including both submainte- 
nance and supermaintenance feeding, with steers, by a method involving 
the assumption that the heat production is a rectilinear function of the food 
consumption. Armsby and Fries (23) regarded the net-energy values of a 
food for maintenance and for body increase to be essentially alike. From the 
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results of work which Armsby planned but which was conducted after his 
death (24), it is clear that the utilization of food energy for maintenance is 
distinctly more efficient than for body increase. This finding rests upon the 
fact (25) that the directly observed fasting katabolism of cattle is a con- 
siderably higher value than is that computed, according to Armsby’s 
method, from a comparison of the heat production on two different planes 
of feeding. 

Armsby expressed the protein requirements for the dairy cow in terms of 
digestible true protein. For maintenance his estimate, based on his own 
experiments and on results of other observers, was 0.5 pound digestible 
true protein per 1000 pounds live weight. For milk production Armsby’s 
allowance of digestible true protein was 1.6 times the milk protein in ac- 
cord with Haecker’s analysis. The details of Armsby’s feeding standard 
for the dairy cow are given in the table on pages 158 and 159. 


M®@LLGAARD’S PRODUCTION EQUIVALENT SYSTEM 


Prominent among the later studies by intensive methods are those of 
Mgllgaard (26) who made many energy balance determinations with milch 
cows, and evolved a feeding standard embracing original ideas but based 


in part on Kellner’s and Armsby’s systems. 

Mgligaard recognized the impossibility of determining net-energy values 
of feeds for milk production by the “‘difference” method, and followed 
Armsby in expressing the energy requirements for milk production in terms 
of net-energy for fattening, but computed his net energy values of feeding 
stuffs on the basis of Kellner’s starch values. 

The work of Kellner and Armsby suggested to Mgllgaard that the fat con- 
tent of the milk is an important factor in determining the net energy re- 
quirement for milk production. He therefore proposed, in 1923 (27), to 
provide for milks of different fat content by expressing the requirements of 
net-energy in accord with the milk energy—basing this procedure on his 
finding that the energy of milk is a linear function of its fat content— 
from which it follows that the former can be computed from the latter by 
the use of a simple formula. This formula for the Red Danish cow is y= 
280.6+115 x, and for the Jersey cow, y=363+-101 x, in which y represents 
milk energy and x represents per cent of fat in the milk. 

Mgllgaard designated 1000 Cals. of milk energy as a milk unit, and the 
quantity of net energy (for fattening) required to produce such a milk unit 
he designated as a production equivalent; also, as a result of his experi- 
ments, he concluded that the production equivalents of a ration are affec- 
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ted by the protein content of the same. He therefore expressed the rela- 
tion of the digestible true protein of the ration to the total digestible nu- 
trients, in terms of net-energy, by computing the net-energy of the protein, 
by the use of Kellner’s factor, which is 2223? Cals. per kgm. of digestible 
true protein, and the net energy of the total digestible nutrients also ac- 
cording to Kellner’s procedure. This ratio of the true protein net energy 
to the total net energy of the food he calls the quotient of production (K). 
This quotient of production is comparable, in a general way, with the nutri- 
tive ratio with which all students of animal feeding are familiar, but has 
not exactly the same significance, since the nutritive ratio is a proportion 
of digestible crude protein (while Mgllgaard’s measure is based on true pro- 
tein) to digestible non-nitrogenous starch equivalent (while M¢llgaard’s 
measure is based on total digestible nutrients). 

Mgligaard (26) made a study of the influence of the quotient of produc- 
tion on the production equivalent, and arrived at the conclusion that the 
minimum production equivalent i.e., the optimum utilization of food 
energy for milk production, is obtained when the quotient of production of 
the food available for milk production, i.e., in excess of maintenance, is 
between 0.14 and 0.23. 

From ten complete balances of matter and energy with milch cows—the 
quotients of production in the available food being kept within the range 
given above—Mgllgaard computed that after allowing sufficient net energy 
for maintenance, the remaining net energy of the ration, in relation to the 
milk energy, gave production equivalents ranging from 794 Cals. to 875 
Cals., with an average value of 837 Cals. 

Mgllgaard (26) also made a study of the influence of the percentages of 
fat in the milk on the production equivalents, and observed that the latter 
vary conversely as the fat content. He regards the differences as small, 
however, for practical purposes, and recommends the average production 
equivalent of 837 Cals. as the standard, and an average quotient of produc- 
tion (K) of 0.2. 

Mgligaard’s standard for the energy maintenance of the dairy cow is 
based on the following conceptions: 

He accepts the view that net energy values for maintenance are differ- 
ent from those for fattening, and that the maintenance requirement of net 
energy, as computed by the “difference method,” expresses correctly the 
energy requirement in terms of net energy for fattening,—provided that 


* This value is as recomputed by M@llgaard (26). The value given by Kellner (14) is 224 Cals. 
per 100 grams of digestible true protein. 
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the rations compared are both above maintenance, or that one is at main- 
tenance and the other above; and also provided that the protein require- 
ments are satisfied in both. 

Mgllgaard compared determinations of net energy for maintenance as 
obtained in experiments of the Pennsylvania Institute of Animal Nutri- 
tion, involving supermaintenance rations, with similar values derived from 
submaintenance rations, and found that the average of ten values derived 
from supermaintenance rations (four of which being values for cows and 
six for steers) was 1024 Cals. per square meter of body surface; while the 
average of 14 values for steers, derived from submaintenance rations, was 
1240 Cals. per square meter. On the basis of this comparison he concluded 
that the relationship between net energy values for fattening and net 
energy values for maintenance is 1024/1240 =0.826. Mgllgaard then mul- 
tiplied by the factor 0.826 the above-mentioned fourteen values of Armsby 
and Fries, for maintenance, computed by the difference method and in- 
volving submaintenance feeding, in order to convert them to terms of net 
energy values for fattening; and determined the average of all 24 deter- 
minations to be 5046 Cals. per 1000 lb. live weight. He also applied the 
same factor to values for the directly determined fasting katabolism of 
steers, as observed by Benedict and Ritzman (28), and by Forbes and as- 
sociates (25), and found that an average of eleven determinations thus 
“corrected’”’ was 5846 Cals. per 1000 lb. live weight. The average of 5046 
Cals. and 5846 Cals., that is, 5446 Cals., per 1000 Ib. live weight, is Mgll- 
gaard’s standard for the maintenance requirement of the dairy cow in 
terms of net energy for fattening. 

This procedure of Mgllgaard, in arriving at his standard for mainte- 
nance, is subject to serious criticism. It was shown by Forbes and associ- 
ates (29, 30), in their study of the influence of the plane of nutrition on the 
energy metabolism of cattle, that the heat production at points between 
fasting and energy equilibrium is expressed by a distinct curve, from which 
it follows that net energy values of rations below maintenance must differ 
considerably in accord with the quantity eaten, the efficiency of utilization 
of food energy diminishing rapidly with increase in food from the status of 
fast to the point of energy equilibrium. In the light of these studies it 
seems unjustifiable to apply the factor 0.826, derived by the procedure 
stated, to values representing the directly determined fasting katabolism 
for the purpose of obtaining the maintenance requirement in terms of net 
energy for fattening. The fact that the application of the factor 0.826 to 
the fasting data yields results distinctly higher than those obtained by ap- 
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plying this factor to the maintenance values computed by the “difference 
procedure” from submaintenance rations is in itself proof that the factor 
0.826 is not applicable to the fasting data. In other studies with cows 
Forbes and associates (24) have compared the efficiency of utilization of 
food energy for body increase with the utilization of the same for mainte- 
nance—the latter involving the use of the directly determined fasting me- 
tabolism,—and found an average relationship of 1 for maintenance to 
0.761 for body increase. Obviously, it is not possible to have one conver- 
sion factor applicable to different planes of nutrition. 

Mgllgaard also believes that the net energy of the true protein quota for 
maintenance, and the total net energy quota for the same, should be in the 
proportion of 1 to 10. 

Mgllgaard’s expression of protein requirements for maintenance and for 
milk production as net energy of digestible true protein, as has been ex- 
plained, renders this system somewhat complicated and difficult to use. 

On several accounts it is most convenient, and otherwise desirable, that 
the allowance of protein should be made separately from the quota for 
energy production. Cows adapt themselves with no apparent disad- 
vantage to wide differences in protein intake; and the allowance of protein 
may properly be modified in accord with its biological value and in accord 
with the relative cost of feeding stuffs. It is therefore questionable whether 
there is an advantage in Mgllgaard’s method of expression, in which energy- 
producing nutriment and protein are assigned in combination, and in which 
the quantity of protein is obscured, for most persons, by the method and 
terms of its expression; also, as Halnan (31) pointed out, it is technically 
incorrect to assign energy and protein for maintenance on the same basis, 
as they are by Mgllgaard’s standard, since the former is computed in rela- 
tion to body surface while the latter should be computed in relation to 
body weight. 


Hansson’s Foop Unit System 


The early Scandinavian systems of estimating comparative values of 
feeds for milk production were based on feeding trials without chemical 
control; thus Fjord (32), in 1887, initiated a “‘food unit” system in which 
the measure was the nutritive value of 1 kgm. of barley; and in Denmark a 
system came into vogue in which the measure was the nutritive value of 
0.5 kgm. of mixed oats and barley (1:1); but in 1915 the Danish, Nor- 
wegian and Swedish control unions agreed upon 1 kgm. of barley as the 
standard unit. 
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The development of a scientific feeding standard for dairy cows, based 
on the food unit system, is due to Nils Hansson. As early as 1902 Hansson 
(33) estimated from results of practical experiments in Sweden that, for 
each 3 kgm. of average milk produced, 1 food unit in excess of the mainte- 
nance requirement is required. At a later date (34) he obtained the same 
average from control experiments involving over 110,000 cows, the average 
percentage of fat in the milk being close to 3.5. From the composition of 
milk containing 3.5 per cent fat Hansson calculated that 1 kgm. of milk 
contains, as an average, 700 Cals. Hence 1 food unit is equivalent to 
3X 700, or 2100 Cals. This value is considered by Hansson as representing 
the net energy value of a Swedish food unit for milk production; and the 
normal digestible protein content of a food unit for milk production is con- 
sidered to be 135-150 grams. 

From a comparison of Kellner’s tables of starch values and his own 
tables of food units Hansson (34) computed that 1 food unit is equal to 0.7 
kgm. of starch value. Since 1 kgm. starch value is equivalent to 2356 Cals. 
net energy for fattening, 1 food unit is computed to be equivalent to 
2356 X0.7, or 1650 Cals., of net energy for fattening. The difference be- 
tween 1650 Cals., for fattening, and 2100 Cals., for milk production, com- 
puted as above, is explained by Hansson in the following manner: 

According to Kellner 1 kgm. of digestible protein has a fattening value 
equal to 235 grams of fat, or 235 X9.5 = 2233 Cals. net energy —indicating 
that the utilization of the energy of the protein is 39.1 per cent (2.233 
+5.71). Hansson found in his experiments with cows that about 75 per 
cent of the digestible protein is recovered in the milk—which is 36 per cent 
greater than the utilization of the energy of the same for body increase. 
Hansson further estimated that in 1 food unit, containing 135 grams diges- 
tible true protein, the difference of 36 per cent in the utilization of protein, 
is equivalent to 278 Cals. (5.71135 X0.36). Since 278 Cals. do not fully 
account for the difference between 1650 and 2100 Cals. (that is, the differ- 
ence between the net energy of a food unit for fattening and for milk pro- 
tion), Hansson ascribed the remaining difference to a greater utilization of 
the carbohydrates in milk production. 

The above considerations led Hansson to assume that in the process of 
milk production the percentage utilization of protein is the same as that 
of carbohydrates, and that the starch equivalent of protein for milk pro- 
duction is therefore determined by the relation of the total energy of 1 
gram of digestible protein (5.71 Cals.) to the energy of 1 gram of carbohy- 
drates (4.0 Cals.), that is, it is equal to 5.71/4.0 or 1.43. On this basis 
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Hansson modified Kellner’s computation of starch values by substituting 
the factor 1.43 for Kellner’s factor 0.94 for protein, and leaving the factors 
for carbohydrates and for fats unaltered. The starch value of a food unit 
thus computed by the use of the new factor for protein is designated by 
Hansson as milk production value. The computation of the final milk 
production value involves also the use of a percentage correction (Wertig- 
keit) as does the computation of the starch values according to Kellner. 
In accord with this method Hansson computed the milk production values 
of Swedish feeding stuffs. 

From a comparison of the computed milk production value with the 
Swedish food units Hansson estimated that, as an average, one food unit 
corresponds to 0.75 kgm. milk production value. Since 1 food unit is com- 
puted to be equivalent to 2100 Cals. net energy for milk production, 1 kgm. 
milk production value corresponds, according to this computation, to 2800 
Cals. net energy for milk production. 

Hansson’s system of calculating values of feeds for milk production in 
the above manner was criticized by Fingerling (35) and by Mgllgaard (36) 
mainly on the ground that the energy of protein is assumed to be com- 
pletely metabolizable, and is defended by Kleiber (37) as being in agree- 
ment with results of practice. 

The main substance of Hansson’s feeding standard for dairy cows is 
given in the table on pages 158 and 159. 


ForBEs’ AND Kriss’s METHOD OF DERIVATION OF A FEEDING STANDARD 
For Darry Cows 


The most recent contribution to this problem has come from the Penn- 
sylvania Institute of Animal Nutrition. In the light of studies initiated by 
Armsby, and continued after his death,—embracing complete energy bal- 
ances with milch cows, and extended studies of fundamental principles un- 
derlying net-energy determinations —Forbes and Kriss (38) have devised 
a new method of application of the net-energy conception, to derive the 
energy requirements of milk production, optionally, in terms of metabo- 
lizable energy or total digestible nutrients, in a manner serving to avoid 
certain of the serious difficulties involved in direct net-energy determina- 
tions. 

The studies of Forbes and associates (24, 25, 29, 30) on the energy me- 
tabolism of cattle have revealed numerous unsolved problems involved in 
the determination of net-energy values of individual feeding stuffs; and 
not only the earlier results of Armsby and Fries (23), but their own later 
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determinations (30), are characterized by such variability as emphasizes 
the need for further investigation of the practical application of the net 
energy conception. 

Also these studies have removed all possible doubt as to the fact that the 
efficiency of utilization of feeding stuffs for maintenance differs from the 
same for body increase, and that the efficiency of utilization for body in- 
crease differs from the,same for milk production. 

Further, these studies have shown that no entirely satisfactory methods 
have as yet been found for determining net-energy values of individual 
feeding stuffs for maintenance, for body increase, or for milk production. 

In the light of these observations Forbes and Kriss (38) have arrived at 
the conclusion that the net energy conception applies much more satis- 
factorily in the evaluation of approximately complete rations than to the 
determination of the energy values of individual feeding stuffs; have con- 
sidered the problem of the method of application of this principle to the 
derivation of feeding standards; and by the use of three energy relationships 
have devised a new method and principle for utilizing the results of com- 
plete energy balances in the formulation of guides in feeding practice. 

These three energy relationships are (1) the utilization of metabolizable 
energy for milk production, (2) the utilization of metabolizable energy for 
body increase, and (3) the relation between the metabolizable energy of ap- 
proximately complete rations and the “total digestible nutrients” (the sum 
of the digestible crude protein, the digestible carbohydrate, and the di- 
gestible ether extract multiplied by 2.25) of the same rations. 

Regarding the above-mentioned energy relationships the following facts 
were established: 

1. The utilization of the metabolizable energy of normal, mixed rations 
for the purpose of milk production, as determined in three complete en- 
ergy balances by Kellner, and in eleven such at the Pennsylvania Institute 
of Animal Nutrition, was found to agree very well—the average of the 14 
determinations being 69.3 per cent. 

2. The utilization of the metabolizable energy of seven, normal, mixed 
rations for the body increase of cattle (steers and cows) was found in 32 
determinations at the Pennsylvania Institute of Animal Nutrition, to av- 
erage 58.4 per cent, with a coefficient of variation of 5.83+0.51 per cent; 
and in seven such determinations with cows alone, on rations all of the 
same character, the utilization averaged 57.5 per cent. 

3. The relation of the metabolizable energy of normal mixed rations to 
the total digestible nutrients of the same, was found, in 77 respiration ca- 
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lorimetric experiments at the Pennsylvania Institute of Animal Nutrition 
to be remarkably close. The average metabolizable energy per pound of 
total digestible nutrients was 1.616 Therms, with a coefficient of variation 
of 3.5740.27 per cent. 

On the basis of the foregoing observations Forbes and Kriss have pro- 
posed to determine and to express the energy requirements of the dairy 
cow in the following manner: 

The gross energy of the milk is considered to be the measure of the net- 
energy requirement of milk production, and is related to the feed required 
to produce it, in terms of metabolizable energy, as a percentage thereof. In 
other words, the metabolizable energy requirement for milk production 
may be obtained by dividing the gross energy of the milk (which may be 
estimated from the fat content) by the established average percentage uti- 
lization of metabolizable energy for milk production of normal mixed ra- 
tions (69.3 per cent). For convenience in the computation of rations the 
metabolizable energy requirements for milk production are then computed 
to equivalent quantities of total digestible nutrients by the use of the ex- 
perimentally established factor representing this relation in normal mixed 
rations (1.616 Therms=1 pound total digestible nutrients). 

The maintenance requirement of the animal is determined, in terms of 
metabolizable energy, as the total heat production of the animal, on a 
plane of energy equilibrium, on a normal mixed ration. This is accom- 
plished in a single, simple, direct experiment, with a proper accounting for 
such small gain or loss of energy as occurs. The average of seven such di- 
rect determinations, with four cows, was found to be 8.487 Therms per 
1000 lbs. live weight. For convenience in the computation of rations the 
metabolizable energy requirement for maintenance, like the metabolizable 
energy requirement for milk production, was computed to an equivalent 
quantity of total digestible nutrients. 

The authors of this system state that inasmuch as the maintenance value 
was determined in a respiration calorimeter it will be revised, presumably 
by increase, as more data are available, and as a definite basis shall be 
found for rendering it applicable to conditions of practice. 

In their recently formulated feeding standard Forbes and Kriss express 
the protein requirement in terms of digestible crude protein. The mainte- 
nance quota is 0.6 pound per 1000 pounds live weight, while for milk pro- 
duction an allowance is made of 1.25 to 1.75 times the estimated protein of 
the milk, this latitude being indicated in recognition of various conditions 
of practice which are enumerated. The protein requirement for milk pro- 
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duction is, in reality, a phenomenally elastic value. It varies between a 
minimum of 1.0 times the milk protein, and, according to Perkins,* an op- 
timum of probably more than 3.0 and less than 6,0 times the same. In 
practice the quantity of protein given is much influenced by economic con- 
siderations. 

The tentative standard of Forbes and Kriss, presented to illustrate this 
method, is included in the table on pages 158 and 159. 

A fundamental difference between this system of Forbes and Kriss and 
those of Armsby and Méllgaard is that while in the latter the net-energy 
requirements for milk production are converted by the use of experimen- 
tally determined factors to net-energy equivalents for fattening, in the sys- 
tem of Forbes and Kriss the net-energy requirements for milk production 
are converted by the use of experimentally determined factors to the equiv- 
alents of the same in terms of total digestible nutrients. 

The net-energy and the starch-equivalent values of feeding stuffs are 
theoretically much more significant than are digestible nutrients, but, on 
the basis of present knowledge, digestible nutrients can be much more ac- 
curately determined than can net-energy and starch-equivalent values; 
and in the use of the digestible nutrient values, by the method of Forbes 
and Kriss, the digestible nutrients are related to the milk energy by a com- 
putation which adequately recognizes the energy losses between digestible 
nutrients and metabolizable energy, and between metabolizable energy 
and net energy. The system of Forbes and Kriss has the further advan- 
tages of being the simplest system; of employing more satisfactory meas- 
ures of protein values and of energy requirements for maintenance; and of 
expressing nutritive requirements in measures with which all students 
of animal feeding are acquainted. 


CONVERSION FACTORS FOR MEASURES OF NUTRITIVE VALUE 


The quantitative relations between the feeding standards which have 
been discussed may be determined by means of the following conversion 
factors: 


1 milk unit is equivalent to 1 Therm milk energy or 0.837 Therm net energy for fattening. 
(Mgllgaard) 

1 Kgm. digestible true protein is equivalent to 2.233 Therms net energy for fattening. (Kellner, 
Mgilgaard) 

1 Kgm. starch value is equivalent to 2.356 Therms net energy for fattening. (Kellner) 

1 food unit is equivalent to 1.650 Therms net energy for fattening. (Hansson) 

1 food unit is equivalent to 2.100 Therms milk energy. (Hansson) 


* Personal letter to E. B. Forbes, of the date of January 23, 1931. 
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1 Kgm. milk production value is equivalent to 2.800 Therms milk energy. (Hansson) 

1 food unit is equivalent to 0.7 Kgm. starch value. (Hansson) 

1 food unit is equivalent to 0.75 Kgm. milk production value. (Hansson) 

1 Therm metabolizable energy is equivalent to 0.575 Therm net energy for fattening. (Forbes 
and Kriss) 

1 Therm metabolizable energy is equivalent to 0.693 Therm milk energy. (Forbes and Kriss) 

1 pound total digestible nutrients is equivalent to 1.616 Therms metabolizable energy. (Forbes 
and Kriss) 

1 pound total digestible nutrients is equivalent to 0.929 Therms net energy for fattening. 


(Forbes and Kriss) 














By the use of these factors such a comparison as suggested above is made 
in the preceding table, all statements of energy requirements being com- 
puted to equivalent quantities of total digestible nutrients, to provide a 


basis for comparison.‘ 







Max Kriss 
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‘While this review was in press an article by E. Mangold—Der Stirkewert und Andere 
Futtereinheiten—a separate from Mangold’s Handbuch der Ernahrung und des Stoffwechsels 
der Landwirtschaftlichen Nutztiere, third volume, 1931, came to hand, This article covers 
much the same ground as the foregoing review, and expresses much the same general point of 


view.—The Author. 
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